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(Jji_ilù <jjJ-C «j^Lfiit 4jjJl1,I 4 j itijJI j vlj^— 1 11 (JjjiQj ^* j 1 I (_xjjJl1!Ij (jyj-àJI ^-lLClU 4-oLslÎI <im njJ.1 ( _ ? jt-<-uj 
(j-a ÏJijJljjJI dsL^jvjHi! ^LcIL&VI I Jui (^Lj^j ((JjjjlÎI (jjj-<-u Â^àjlli! 4 j i g 1, 1 j 4_j_LàJlj Â-lISIL! I L-kjLIàjJI 

c jjâ (jr^-J ^ > -^j'j- a Cr^ 1 ^P'- 5 l -^ a -' L *j J " <j-Lsj -^W^i J- 3 *"- 1 ^ ^ T* ' ■ ' ' Cr*^' ù^ 3 ^' tjUk û^Lâ (jjJ 

^_ 4 *. a 7>~, t I 4_jJjjJI <_ijLstl!l (j Àjj 4_jjL>«jI û j La >- ^_&l_Ltl j-j^Lajj p j -1 1 1 4-<aL*JI ûjl^Vl cJaâ» Ju2j 

4_L<-uL-uVl isj_j£=jJI (JiL<w 1$ JlÎI 4_j-LLajJI 4 j i g 1, 1 j_ul_»JLI Jlc.1 £j)j_ili^5 û j La >■ î I ù J.& cJÎixj Ju2j i 4jI ALalLa 
(J^jlÎI jJj-" (J-*-*- 1 ^J 1 ^'^"**' J-^""" 1 (jjJ-C- J-i?^-*-^ JlaHaj il i 4_j_ujJl1!I ^_<sIj_lÎI *.l_o ^_ 

«Lt^SJ-àj l_£jJI (Jy l«JtJI jjâljJI J_<5 4_udL*JI Âjjj-JI (3^ljlij t^-L^O (j^l^-U (—tJjJûJlj (jyj-ûil ^-lLClU 4_aL*JI 4 1 (i i "j-Uj 

J^g-i-aj 1^1 - ^>"1l ^JjJû ^-oLj^-iJ 4 I ^1 a ûj_La_b ÂjL^IÎI ^_ ^jLsJLÎI oJui ^^ieliJ ( (J-«-»-!l '"'^ ALalLa 

.i^L^VI 43Lllal 

4 Ail jLjiL*_clî (jyJ^I (— >,-i-uL>JI ^C-m^ (jyJjJûi 4_uiâjJI jjlj jjl 4_ijjjJl1!I 4_ui>JI ^jui (JjLuJJ 

(j-a (Jjstj 4_ijjjJ1!I 4_u2^JI tiLjJ jrlJ £_xiaj ^_&IJil jji^Iûjj pj o 4_al_»JI ûjljVlj 

( JljlSjlIÎI £y> jJ-><J i-La mj^a <_jjJLjiLj 1 4_aj^iJI Âjjjj-xiaJI (JliljL^JLI (J-u^aG â— jSj\-la i -"^ p g 1 (jï (_^>-J 

.(JIjIjL^JLI ^jui (— )L ull^al ^UlJiJ (_5J-!I (Jl *^lj <— >1 fl-uia!L!l j 4^LCli-uVLj 

.*UjJI c 



di\ jiaj>J ^->Lij J-O-tjl I Jui (jTLftTu .ÛJ_0*Vl S J S « Il (_)}L>. ^julu J J^L-qjQ J_a_ï 4_LÇj3jJ I tl) Ljjj^lL^xJ V I d)jj_)î 

4_aJà_)îj <_jj_<_uL><JI ^ j ' Sj .iijtâjJ! • l^?l ^j-L>^ajj p j i (JLsta '"'I Lallll Lgjji j-sr" i ni <LoJl2IL<5 

. j.cTn.u.a J^lj-J <U.q-9jJI j-sl jJ-îl ^ I Jl^cTu-u I Jl l£-^I La •<— iLoji-<-U 
éjây] (J\ 4-j^p^aJVI 4_cL_aJI <j_a 4_jjj^li=LJVI CjI JjlLI £l _jjÎ J^j 2_ eJLvl jla 4_uiljJI jjjl jjJI jl 

" j ' j ~~' ^ I i l_U-U 1 ^>iJ I 

, 4_lc3jJI j_jl jjjl ^£_sl_ua jj^sjJtl 4_j^_2jJI j'wjj"^— ■ f 4_j_ 1 _ u L-uVl '**'! là-lll <Làj_*_a (_£jj)j_tiaJI (j_a «ûl 

â— ç. \ Laâ> V I ^_LJe <^>"j (JjjLlSJI jj^j I « i «a S <_jJ-îl ëj^JvVl j (Jlil j^Vl j (JL>tll I JJt â— i> JlvI jILa LfcLSJj La LJLc. 

.4_j^3jJI jJjIjJlÎI 

tliljLiVl £_a Âjâ^Lc LjJ (_y-!l 4j_SJl*JI p ka lll ' cr^ 1 <— 3j-*^JI Â_jjL\JI ûJlvjJI ^jjis j-a -j^ 

j-ûj-a jî LOW 4 .^A^;tl 4_!L>JI , Jl^sJl! (>\2ÎL>. 2_ Laj.ce. JiUTû <_yJI j ij^ljjl jjjl Â^aaielu-uJ,! 
jjs jJI jj^o (j_jj=ûj jJI j (jyjLÙJI j (^JiJutJI tx;tl ç_a LuisLjj f^^Lu I JlAj JlvI j jî Hlgh ÂjlqjjJ,! 4_!L>JI j 

.ljO 

jj^j .Â-i^jàjJI jj! jjJI L&Ojj (jjJI Âj^L^uVI 4_j^| jGjVI (JliLJLaJtJI 4_ 4_uiljJ| ÂjÂtaiLI cJîjliàyi J!uTij 

.CjLilaAJI Jui jjja^s Âj^jLïiJIj 4_jjjjLjiV| (JIjLjI^jJI J-a 

. Démultiplexer jjuw jî Multiplexer 

CjLi^LûJJ cliLs-u^J (jyic- ^3-«-*-îl '^■^3 cA' 1 Cr^' J 2j.^=l JlÎI j (— i^L^.i.a.U j djl^l JutJI j^I jJlj ljj)j-a >^_5-> J^"— 1 ^ 

L-uL-uï ^jj-^suj jJI (3^-2 jJI ^JLtJLI (J-L^-iTaJ ÏJ_i-a 4j£jjua £_ya l_LLa-^xj La ï Juv j jJw ! ÂjL^_L!I 4_ (Jj-t-a jJI J 
iâ_ I Llàj_»J (j^tJI J^l jJ-îl (_JLcÎj 4_JjjjLuuV| (JllLI ^jJI ^jjj^j ^JlC (jyic (_$j!l><J S Ji2jt-a 4 (JT ic 

.4_ûjLcoJI (JIjIjuvjJI 



: (JT ic Ij^Lâ ûJlvjJI ojui <L-ulj.s Jlsu <_jjJlLU 

Â-J^jàj 11 j Â-t]jl Il ' àj .) 

4_ia2jJI ^IjLiVI ^l^jî iàjjL^ .Y 

•j-i-ï ^LLaj Jl ^Llàj £y> (Jji^reliJI j Âj^JlsJI p là ' Il ÂjSjjla . 1 

à j S La '< 1 1 (JIjLj^ILuuJLI iàjjt-a .0 



4JL0 I ç<uji cjli diLuv^j Cy lc L^jLà 4_JgLc1!I <jiiLjj^ii=xJVI Loi , (Discrète) 2j>jJ_La c^li 

.(Continuous) 

( cJâjJI (j-u-àj â— ûjLi^L! 4_jJjLcIl!I j 4 j a ^j-! I ÂJL^aJI (jylc 4_d.i.a '"'I û-ju LaliJI ;JJ^~ '"' diVL>JI (j-a j_iii^3 ^_ 
Jji LilîL». 'Â- ( _ ? -<-uL-uVl J-ll (jî ç«-C.jJL 4_jDl_clJI dlljLiVl J <J1iLmJ=xJI ^yle, (—âjJLiîl (j-ioATu-uJ I jJ 

cjli 4_, n ^>ti ^ 4_j^a 4^=1]! j (Continuous) 4_L^>1_$iJU cjli 2 ^^ti ^ 4LJÙU1JI 4 ^^ti 
^42 ( ^ - ^ ) J^=lA!I Lsî iLJDUH 4Ji^ cjli SjLil ( ^ - ^ ) J^xAÎI j-^jj . (Discrète) s j> 




Time 

> 

.LJiiUi 2jLi!:( ^- > ) J^lAJI 

4jvj_S jù (JLHI (J-u-i-u (jyic .4_JdLcj L^IL>JI « a jî Lg-<-uLjj2 -i'j-U 4^Ljj_LûJI jlàJI Âjt-uia ^JJ^"- 1 "' 



V 



A 



Time 



t| t 2 t 3 t4 t 5 t 6 t 7 tg tg t 10 t 11 t 12 t 1; 



2jL.il : ( ^ - ^ ) Ji 



û^jL^ta CjLuv~z3_i (J^sLtlu (_(,-i-uL>JI (jV 4_LiArLi.u.a i % 1 1 nL>JI ^ La i 4_jJjLcj <L>JLsl^s 4_jlLc£. (j^=xj I JljJ 

i ^ <jjJ-C (*J-"J-^^ (_yIrtJ.ll 4-j-tSu-m <GLà jL>- (_j '-^ <J^L>. (j-ajJI 4_!Vjij ûjIj.^»JI 4j>-j_S ç<U-uj LojÎ lil 
(°c ) Sj'^' *»-J-> 
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.ëjLiVl ^ jui <jî VI Lulc Lii (_i-i-uL>JL jî (j^-câj jL^Jàl jL^o ëjlj^>JI ^>-j-i <L>JLjl^ Lojl lit 
I lut, j lL2^ icL^, J=3 4- «j! j-^' j-i o- 0 ^ ^ Sampling 4_JdUi!1 2jLi}U c iLLlc jui4 . ) 

^j_a ^Jt La 
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_^Time 



1 2 3 4 5 6 7 8 9 10 1 1 12 13 14 15 16 17 18 19 20 21 22 23 00 

.SJLLcJI 4_JûLcl!l ëjLi^U 4_cL-u J=3 'à- cj1_Llc( ^ - ^ ) J^=lA!I 

fU^JI CxjLjj JSjJt^ta JiJlC ^IjLselxJ 4_jLaJt-!1 ^Jui <>a (-àjljjt : Quantizatioil ^LUaJI ^jlaJ=>3 .Y 
(jauàj <— iLLie, LjjL^Î I il LuV.ûjLi^U 4-a-jjâ < ^ I _g 4-a_jjâ cr^' C^V âj^i-La <-^LLig- i^l <_jjLSj <_P-Î1 

àla-jj,! 'à- ^JL»j l^jjji ç<u2JI jiJlc Jyj^j j-A pjo^— "îl £ys L^jijJLà .4_JdLc1!I ûjLiVl ^JLsù 

.( \~ û) Jj=xA!l jJàjl t ( jLà-^aî j .sLvï ) 4_jjLi!i]1 CjLuJI ÂlmL-u À La i ul^j 



1 



(°C 
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10111010 



_^Time 



1 2 3 4 5 6 7 8 9 10 1 1 12 13 14 15 16 17 18 19 20 21 22 23 00 

£jLita (jLctiJ JlvIj <JiO j-iLlil jj^-ij i-âj-LXLâ ^jUtxLa 256 p o ^-i 1 1 <— iLj Ta . u .a _iJi£. i*(L^3 lit 

.4_jj1_<j <J1jLu 8 Â-La-<-ul jj * -t^-— ■ a ^<-*-t2 (_L^J j à ^'i-tj 

La JjLcoJI ÂisMiJI cJijliiyi ^jijj ^Jl Integrated Circuits ÂlaL^aill j^l jjJI 
.(ADC) Analog to Digital Converters <JcUnJI cjV^II ^1 L^Li JlLaj La 

Digital to Analog Converters .(DAC) ^JdUiJI ^Jl cjV^XI 

.4_JûLcIiJI I iiàj (j^i 4_jJI_jLà >1 ; 4_l»£jJ I d) L Lui! (JL-ujVlj 

. ÂJUJI 
•* ** 

.Low jî (j^^Vitl j High jî ^LlÎI ^"mm : Jl^Jl! o^u^ 

. OFF LlLa-a jî ON 



t J.seILmJ 



,j^Luj^ 0 c<-JI j High ^Ltîl Jl^>JL 1 e^JI Jiuiu i-mLJll <JU~ 4-j >N J^' 4- 

■Low (jj^LkllI Jl^JI 

ôj^" jl4*U ^ajS Cy k. High LUn Jju L^jJI j$\ jjJI 4- .Low JïUj ^litfl L gj)*ii«tl j 
.Low 

.( ^ - *l) J^~> iSJL L^=j Low ^Juo High ^j-a (Ji-I jû (J^JLtl ^.a (jj)^~>j 



1 i^t->'t l CjLi çujuuX 

A 

( max ) 



' H( min ) 



L( max ) 



' L( min ) 




i VL(Min) Ù^> LOW ^ilpJ U=3 Vn(Max) J Vn(Min) Ùh> £jlAî High J^v jî J ^-i m.Î I J>L>. £ys ^jj 

^J^"' "'" L-*=3 0 ^^aj jî ^jUn-i't LùV £ 5Jj^la Vn(Max) J Vn(Min) ÙS 1 Ç^é^' ^J^L>- j_^=3j VL(Max) 

.^^LUVl (jyie 4-a JujeTn-u-a (_£JlÎ.I Ijufc iL. rftoÂlI jj^— " I jJ , 1 (_y-»J (jî 

j OV jrj_j Low ^J^aj 5V j 2V jru High ^jLa TTL ^ ^ Iwî jJI j^IjjJI 4- J^' iSh^ ct^ 

.( ^- V) J ^.t. tl 'A-^^^Jt La Ij^ j 0.8V 



TTL 



V H( 



max ) 



^H( min ) 



' L( max ) 



' L( min ) 



HIGH 
Binary 1 




5 V 



2 V 



LOW 
Binary 0 



0.8 V 



0 V 



.TTL ^JUj ^LkJI i.ïls-.u c^LfLuA\ :(V - \ ) J ^,t, tl 
l li^aj». 1 jî High U^jL^s LaÎj ai i m'°i 3.2V l^u^ <-,M ^-.j La Âiàj»J 2_ sj-ajâj «jLil 1 <I ; iâ"><iI lil 
2V ^ jJl^sÎj 0.8V j La J=3 . 0 jî Low jl^v Ll! i_àj-<^à 0.6V Lgl»jjâ 2jL"4 cM- 

^yJI (j^L^'^l Jlc2 (_pJI j Iwïi jJI jj! jjJI iiJ <ûV Binary System ^Liill ~lfc»;ti ^ s n k",Vi „ juk 

al làJiJI 4_<_ulj J_> a j-S-Lui tiJLÎ Jl=j .<LbJu>JI 4 jq°|jJI ^Jl i ^."Vl j » seâil 4_sià-iï J-^-*^ J *^-iLj-<-uL>Jl a jJsj 

JAaTJ Imî jJI ùjL^j^=xJVI 4- j f I jLid^l ^ <U U Hexadécimal System ^ <rM,<tl 

iSlC Cj-i-uJI a I Là ' H I gjp Jàj (j^3 .SJlsu ^LiïiJI a Uà-ll I 2_ (^Jb^Ia Âj-<-aL-u) ûj_uj=3 



j_£Î 4-a-caj tl)LjL>- ( J' i -— • (jyic jj-OjJI (_i-ûj3 4Lù-i.a Lt- L qJ N . (j^â I g Lu Lg-ià 4-iLJ"uTl3 4j_S JulÎI 4_aJàjVl 

_ t^^L j-umj ^^Jlc aLLàj (_^| ^jLà «lJlcj I gj^ ^JL (jP-ÎI 4jL>JI i_<.loj>»j .sjl**u 

al Ià-Lt I qjXj-iÂ (JÏLa-l (_jJ-!l J 4_a Jl-cTu-u-U jj^SjJI ^JlC . \ 
. JjvI j (_)^a-2Lj 4jL>JI (_i_ûj3 jLlxlj û Le (J^Lji^I â— I Jjj ' à a j_ajJI jLlxlj j-«J (^1 4 -*^-2 • V 

.^jji-Vl Âj^JlsJI 4_aiàjVl çs-QS (jyie LjjLcLjiJ (jr =iJ ^gj-iTu-tJ I a I là ' Lî <L)L>.lj-ftj ^jjï Ag-âL 



V 



Décimal System (i>«*)l j»LIâ,LI! 

. juvl j ( _j^aLj <GL>JI jLjij 3 jjLÎ Le ^ * 3-^ ^A3j ^Li* c)^ 3 <-lLLcj cjLjL». * 

: L gj-..~a.'>JI làlll 4_jL>. J^= jjj (Jj-<u (jyiLlîl JjJl^JI 
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.4jÏLaVl (jj-^C- <>j-là-! (jt-^Li ,ûjj=ui!l ^.LiJa jliJ j 

S "IYY ^.ajja p-== 



(10 2 x6) + (10 1 x2) + (10° x3) = 




(100x6) + (10x2) + (1x3) = 




600 + 20 + 3 = 623 





(cjlj <- <lL-u jl) ù Juv j~1 * * jLjij (JIjLjJLI 4_jL». â— "l j-ajJI j ( ""~ jl ) 



(10 3 x 2) + (10 2 x 5) + (10 1 x 7) + (10° x 4) = 




2000 + 500 + 70 + 4 = 




= 2574 





A 



Binary System ^LuJI j»L&LJI 

Lc^jâj-a Y ^ jL-"-uJ <uL>* (J^s Ùjj Ù' • Y ^ k* ' Il I (j-uL-uîj ^ , * i La (jJ^-^J O" 3 tà-lll I JJt L-àJUu 

. j (_y£i£Lj <jL>JI (_i_ûj3 jLjij ï jJLÎ 
:^5Lil! LLaiJI 4- JuLi J^= ùjj çrJ^ 1 Ji^ 1 
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S* i-s-.^îl ^LâjVl JjÎUj 



0- Y)Jjj^ 

aj ^J-S-l LoJl_Lc £^se-Là ^gj-i T u- t 

(J_x^sj (jt Tlv ^ Y , \ * , M , ) Y JljlÎL j-»Ti_i.uj j û JljJl>- 4_jL». àj ^ jJL) ç«j *\ J 1 (J-t^aj V Y,Y, * JlslÎL 

I jL^a-Aj Y ^".l'V^'Y JlaJL j-cILcajj ÎjJIj ÂjL>. ^TliL S ^ 

^jî (__)l3p_iàJL I (j-<5 I J_&J (J - ^ j-i-^J Ô' ^4P^g-îl (— âM^-^^l 4_jJLaaJI (jaijiij ^ jJL) ^^L-iiiJI La lll ^_ 

a JljJl3- SjL>- ^Làj <j^1 ^ \ , \ ♦ 
2 JljJl>- ÂjLàw ^TLflj j^l , 

ij^xAj n n, > • \ • , >••>,>•♦• 
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jii jlcVi ji<4 (j-îbii Jj-^' 



0- r) 

.^LiiiJI 'è— <GL>. (J=3 4-*^ Jj*^ 1 LjjLà ^gj-iTu-til là-lll (_J\ ^LiiiJI ^ UàJLl I £_ya (Jjjre-ilî 




(2 2 xl) + (2 1 x0) + (2° xl) = 




(4 x 1) + (2 x 0) + (1 x 1) = 




4+0+1=5 





2 4 2 3 2 2 2 1 2 0 




ï y i a n 




X X X X X 




ï ) ♦ ï ï 








YV U= + A + • + Y + \ 





î^yjLuil ^liàill (J^sIjJk 

) , * (JT ji (^LiÏLÎI là lll jj-aj • ^ 

Y (^LiiiJI j> I là ' 1 1 (jjiLjiÎ .Y 

Y v t.tl ^ a »"<tl a! îàlll ililjLà» .Y 

(100) 2 ,(1101) 2 ^Lo^Lâjî 
(101) 10> (257) 10 ô^flâjî 



n 



Hexadécimal System û*Jl,»UiiJl 



A,B,CAE,F,',UT,i,û,i,v,AA 
\ \U,\Y,\r,i £,> o ^LâjVi ^L==i A,B,C,D,E,F l^j^i <jî ilà^ad* 

S~\ y t.tl ^ A (Jj iSlC Cx-mJI ^liàiJI lliljLà. .Y 





16 2 


16 1 


16° 




256 


16 
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0- OJjj^ 

(F5) 16 ,(47) 16 ,(1A3) 16 :JUi*î 
^j-j^JI 4^L=^ Jl (105) ^ jJ! Jjk 

çp-^! ^UàiJi 4_n JjUjB <jî Jà^v (105) 



(16 2 xl) + (16 1 x0) + (16°xll) = 




(256xl) + (16x0) + (lxll) = 




256 + 16 + 11 = 267 




.-. (267) 10 =(10fi) 16 





lS>^*1I Jï ( 10 )i6 f^j- 11 Jj^ 

(10) 16 



(16 1 xl) + (16° x0) = 




(16xl) + (lx0) = 




16 + 0 = 16 




(16) 10 =(10) !6 





) X 



.^j-cgg. C^oJI j (jyjLiïJI jryjLîâill 4- 1 ^j'^ 1 La j 1 5 <J I 0 (j-o J>1 jLcVl ^ La »j ^LlJI JjJ^J' 
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(jt _Lj j—i^ <L jjj (_———•? £____Lj I ,1 g-tic J <^<~-t l <LL__ L_ (j— a iÎLÎ I __JL_b 

.«LLuil— — Il (j - — ' 



4_j__i_JI 


j3LUI 






6 + 2 = 
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0 


u t<~<~o\\ )LSB 4_ûj JlVl 


3 + 2 = 
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1 + 2 = 
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(jL__J1 u ,rA] )MSB Lûj ^Vl 


(H0) 2 =(6) 10 









4_s___JI 
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_, )LSB Lûj JiVl 
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1 + 2 = 
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(jL-uJI c ____î )MSB ^ Vl 


.-. (10011) 2 =(19) 10 









^0 




(1001 1) 2 



(2 4 xl) + (2 3 x0) + (2 2 x0) + (2 1 xl) + (2° xl) = 




(16xl) + (8x0) + (4x0) + (2xl) + (lxl) = 




16+0+0+2+1=5 




= 09) 10 
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tïJLla 
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(o^ui\ u )LSB Lûj JâVl 
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(jLoJI 0 )MSB Lûj ^Vl 


.-. (89) 16 =(137) 10 
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174 


9 


((>aJI u <^î )LSB Lûj JlVl 


174^16 = 


10 


E=U 




10-î-16 = 




10A= 


(jl ,,. it! ^ .^î )MSB Lûj ^Vl 


.-. (A£9) 16 =(2793) 10 









(A£9) 16 ^ 



j>JlaJI -'-g I ^ * (2793) 10 tg^jSuJI jjlaJI jj^j I j*=n»j 



W 



<jjUUl _iiaJ! 



gjl* ÛuJI fkUMJI J\ ^Luîl j»LEUI > Jj$*ïi! 

(J_j^elli! .Lsuj_<-uj I g Lu (Jj^e-iîl (J-*-^«J L«-4 ^JJ ~"~ û JiJ>-l J 4-jL>- (J^^ - ^ ( — Jt'J^ (J^ 3 Ù' 

La 4_!Ls. ^_ djLjL». 4 -*-^J^ 4-^34^ Jjjj ^— ."1 I J_&j jLlxljJI CjLjL>J jLâ^al JkJ^jj-J LoL^x-aLjJ ,(j^-*jJI 

• 4-*-Jjî ^jLtxU V ^ J S y 1 I jLtxaJI CllLjL». .SJlC (jL=3 

.«LcjAJJta 1 j L$J-^*-" É^yâL^a-U (jyic (J-Li3J>ù .Y 

:\Jlla 

^j-^O^aJI 4^L^=l* J\ (110101) 2 

:>J! 



(0011 0101) 2 


^LÛJ! 


(3) 10 (5) 10 




(35) 16 


^ mit c. ( ut! 


.-. (35) 16 =(110101) 2 





:YJlla 

^j-^o^aJI 4^L=x* J! (110101 1) 2 ftâjJI J_p. 



(0110 101 1) 2 


^LÛJ! 


(6)io (H)io 




(6) 16 (*) 16 


^j-iTclC Ci l ut! 


.-. (6fi) 16 =(l 10101 1) 2 





U 




^j-^k.-mmÎI (1011100000) 2 ^jJI 



(0010 


1110 


0000) 2 




(2) I0 


(14) 10 


(0) 10 




(2) 16 


(E) l6 


(0) 16 




(2£0) 16 


= (1011100000) 2 





^LÛJ! 2B5 ^1 Jjk 



2 5 5 




0010 1011 0101 




.-. (10101 10101) 2 = (255) 16 





:YJll« 

^LàJI ejJ^ J\ C03 JSJutJI Jj^ 



C 0 3 


^gj mit (■"< i >itl 


1100 0000 0011 




.-. (1 1000000001 1) 2 =(C03) 16 






Binary Coded Décimal (BCD) AaîUj 3u^fcJI jIJLaVI 



.^LzlÎI jJ tâJJLj Li3^L=Lj Lu 9 <J\ 0 £ys âjj-^l«JI ^l^jVl JAai! ^JjLta Jjî 

BCD j>^=JI 





BCD 


* 





\ 




Y 




X 




1 




û 




1 




V 




A 




\ 





0" DJjjL^ 



15 ^j-îl j , 1 1 (j-toJj * * S S _j (J-Iaj 3 ^j-îl Mi-^ ^LjjLu <JiiLjL>. (J-^j çgj (J-^= ù' ^àjvV 

OOOIOIOI^LUL^^ 



Y ♦ 



s- 

t^Llîl JjJl^JI 4_ Lc^j (^j-.!*]! çC^j-U (jyjLiiîl ?Cr 2L^xil <j^l LaLcJ < àlL>o BCD j-lIiTuj <jî ilà^ela 





BCD 




23 


♦ • \ ♦ ♦ ♦ u 


10111 


Aû 


\ \*\ 


1010101 


251 


♦ ♦ ♦ \ ♦ \ ♦ ♦ m 


11111011 



0- v)jjj^ 



Y1 




j-iiu tiil j <L-nL-u â— Low j High ^âJI Cj\^ ^j[p3 i g^lî çsuja l _ 7 ic 4_j^2jJ| <jiiL>. ^JLl jï diljLiVI ^ 

.Low High <3_a Lajii£. 0 High Low <>a j_lLu Lajdr. 1 ^jll 
.Low ^>Jlj High ^^icJLI jî j^>JI j-à-^Li 



A. l"^. 



HIGH 



LOW 



HIGH 



LOW 





.4_j^l ^Jl ^Lùj^li=xJVl 4- Â^ajLàeTLLa,U <— il <>> t'A\( ^ " ^ ) Ji=xA!l 
Laî ,4_l!Luu <LàL>o ^ j**' '"j (High) CxjLïi ^ ^Tn-u-a^) 4_l>-jjj <LàLv (jyic i_£^IL><j 4_l>-jJLI 4_tia_ùJI ^jî i ÎA^ \t t 

.4_l>-j^5 4_àL>0 ^ j**' '"' J (LOW) OjLj ic^jHa 4_l!Luu 4^âLv ,j-a '**'"' 4_lÎLlo]I 4_tia_ùJI 

.Aperiodic "^j^ j-iL /\ Periodic 



YY 



0 1010101010101010 



Ti T 2 



T n -1 



T 1 =T 2 =■■■ T n-i =T n =T= Period Sjl^IjJI «jjjJI <>°j 

Frequency = f =1/T j^pjl 

.ÂjjjJs ^J-*^J âjLil ~~ ^ ) J^— *<tl 

-s-spJI ûJcvj .ïjl^I j J}L>. L^xxuàj L^à ûjLiVI (_yJI cii\ ji\ jijlc (frequency) f .s-ipJI 

.(Hz) Hertz j3j^JI 

f=I y , 1 

T f 



01 000 101 001110 11 01 



YT 



: Oscilloscope u^^LwVljL^- - > 

s* 

.«QjiùLii ^^Hj-^-^ 3 (jy-^ e -'- a o^j^- 
<_ iL-Llc j^Lj 4jLà (jt a^jJI ' . 'j^— • ■ ..jlj ■ ..^1 Loi .«QjiùLii (jylc ïsj-iIùLuj «Gl jJja jjvï j_lc 4_L>J jJI ûjLiVl 

LjjQjLselL-uJ 4_lc3j tljLojJL*_<a (j^LaJLI Jl^>JI (Jj^cHJ ADC (jr «j2j (jyJûLa-i (Jjjx^j ^ J^eTn-uj^ ûjLi^Lî 

^iJI <3_a ^ - ^ t ) J ^, tiJ I C3 _ c l ^Jl ^iJI t-j j^i mi ^Il^Î ûj^ï 



Yt 




Yû 




: Logic Analyzer ^iiaiil Jl*il - Y 

< ' . ij-^— ■ . ..jl^i . uVI J)j 1 " ' * s ' ***' a «-— * 1 *j 1 

( 'j^— 1 1 ..j L 1 u 2 1 J^xliuj ~~ | 

(_>QJU (jjjLjjâ 4-ul ^— 1 a 2 I Juij 4_iiLiiJI (jyic ûjLiVl (jT ire_La jj^jjt] 4_ÎL>JI 4_ jL^>JI a jLSelLuiJ 

Timing Diagram (^j-îl .UU^ti jj^^ - t_j 

State Table ^VUJI JjJl^ J^u^j - ^ 
ê— (JijL^LljJI .(Jjl juv ■ (jyic- AjjLiiiJI ciiLjLijJI i^j^j^. {jjs <UL>JI <?jla ^_ (JJ^JLI ^ kj ■ 

^Lïll j Hexadécimal .^r j Octal ^UiJI j Binary ^LùJLs ^J^c S J2£] 2 jui 

.ASCII ^! jJ^j BCD Lp^ j^Ai! 

n 




Puiser Logic Probe , Logic ^yiuiJIj^^kUl jé^ljl^ - V 



YV 




jJ ^ «GLia < ( - ^ ^ 0 ) J=xAJI j^t^j ij jJI j < Logic Puiser CT 2kill ^tÀJJI jL^ Loî 

AÙujla à ta S ' j < <* ' " ' I tiajj (JL-ujI I ul ^— i qLj .ûjjI JlÎI ê— * La 2 ) (_£Ï (jyic âjj ^— û a 4_uia_u CjLvj_a 

.Logic Probe CT 2kil1 jUi^VI jL^ sU,„l ^ i_ùl3 2 U ^ Ly i £ . L^LzllJ j 




.^i^ûtl CT 2kia '-(^ ° " ^ ) *<tl 

.Shorts j-i^Sil oljb ^yk. lJlA=xJI ^ 0 Sia il 1 u <^r<\\ jL$*JI 



YA 



wkub- 



tDC Power Supply >«mi^idj>« - i 

. +5V 4iwâ J| jrl^i CMOS j^l TTL ^1 jj i_J£î 




iFunction Generator ( JljJLf! )ûljLuVl JJ>4 - o 




(DMM) Digital multi meter ^ jJI uàjUâ>H idxL» &là3\jl& - -[ 

.<_àjUà jJI ÏJJulUI (JjjLlSJI Sj^jvî ( _paJLxî ' A - i ) J^-, -,tl (jT ic j j tàj 



0 I 



v w v t*«ft 

i mu 



1111 





.(_ÀSLià$J! 2_>Juul1 (j^L^JI ê>#vî( ^ - ^ ) Ji 



n 



Sûj-cIujJLI çsu^JI <Jljli (Jl)Lx»^3l! (jy^-JiJ liLa • ^ 

SO-JL liLa .Y 

S4_JûLcIl!I I i là ' £_a ijjlJLa 4_lc3jJ I '"'I ' <— ilj-»-«_4 (JT ji La .Y 

S 1 OïïlS J=3 I j"l L^-Aj JjJ=LJJ Âjv j-a J Jj3 La .1 

S 1MHZ ^Jlj3 Cjli ûjL^iyi ûjjjJI (j-aj jji La .0 

SV^Î^Â^^^jII J^SlOOl 11010101 ^LLJI Jiu: ^1 {umj] .1 
f î u^jjL^a 4.5^4^11 s 1010101010101010 cLLJi jui 4^11 ^ji .v 

Së^j-àill ç<u2JI <— iLi '"'I J-t^— H (jyic- 3 1 Laj I jLo .A 
5< . 'j^— i i ujjj i uVI jL^>- 4_c^a ^^yji La .*\ 
S (jy JDLcIiJI g^tlâj £_a 4_jjLiLa ^^yA^jJI <_j i i -j^ i I I < ' cP-^l <^ljJLÂll La. ^ * 

S Logic Analyzer CT 2kill JJL>J.I 4_c^a ^ La. U 
S Logic Probe C7 2kiU Ji- 5 cr* ^- ^ 

S <Lvj)"i à 1, 1 jjJI jj^L ( à Il <LjL=L-aL (_£ jJI (jji^iJ,! jJt La. ^ Y 



YY 




U ttll t-JJjjill j ^ *<â\l AjjUuIj 

gALUI >J»kJj (friinAÎ) AaLxJI SjbV I 




àwJjJI ^LâkUl l^jUs^JI 



.Lijj-aj aILLlûjv (JjI Jlv #.l_L) (__>13jJiJ ÂjijjLiiJI j 4_l<jjLjiV| diLI ^jJI ( à I**' se a (jyic i_âj_SLiîl 



4_JujlJI (J1iLujJl1!I 

4_ûjLlxl!I ûJUVjJI jl_LLvl 



TV 



àwJjJI ^LâkUl l^jUs^JI 



Logic Gates ^u2kUlûbl>xll 

Loi (_£| , LOW Â^Ù2LkseJLa 4_pJ jâ jî High 4-J-îLc Â_pJ -Sj>-j Lof La-Aj i La (j^J^ L?V j-^-*^ ^-L»£jJI j-sl jjJI 

^ t_x^aJI t àjj .( OFF ÂJU.) ^j^^xJI jLôJI ùL>^ ,»Jlc jî ( ON 3JU0 ^j-^JI jLùJI ùLj-^ 
Low JjL2j 0 çdjJlj ON jî High JjLSj 1 ^ ^JLa . La <j£>-4j ^j^lu^ <Lij!=xJ ^Lnil ^1 t\;tt ^1 jiiei^l 

. OFF jî 

(jt 1aj LaOR L-kjLLa jj j (jr 1- *^ AND l-ûjLLs j ^_ (JlLalu (_jjJI (JIjLjI jjJI (JT ji Â-LfllaJLl I 4_j_<_uL-uVl (JIjLjI j_JI 

. (jyjà-l jl 2i (jr 1- *^ JNOt L-à-sLLàjj jl 
oJui (j^V <J-°J 4_j-<-uLi-uVl (JIjLjI jjJI (j-a <LCjAJJta (j-a ;JJ^"~ '**"' La LlÎLc (_jjJI <J1jLjI j_JI (JT ji Âjj-iLïiJI (JIjLjI j_JI 

j-j <— iLI jjJI 

." jî " jî NOR cjLI jj - 
." <tn'i{\ j " jî NAND cjLI jj - 
. J^à'jjJI ^ Jlc jî XOR diLljj - 
." Âtà',\.\ (3^1 jiJI fjLt " jî XNOR cjLI jj - 

.^Jlv (jyic <J1jLjI j_JI ûJJb (j_a (_^=3 uaâ» 4_<jiIjJlj ÎJlj_LÎ 

AND Gâte AND j 2bl>> 

ôl^J! ^aj AND^IjJI 3 j^z^ Jiu4 ( ^ J^lA JI V jî ^ J^=" ôljj e^^i AND ôljj 

(^LÏiJI L^lâ^Jua j (Jj^?l L^lâ^Jba (jj^xj LaJilc 4 j S La '< î I 4_dLa-*JI JjùL^o (_jJ-!l 

( -ï ^)Ji=LA!l 'â. 2;^A\ aj^AaW ^r. 2A^^ Ml ^tv.1 Ail 0 jla ^.uis jlî 



àwJjJI ^LâkUl l^jUs^JI 



ç/ o 



B ^Ui^il 
o 



\ / 



Y 



.(j-LL*aj^a A , B (j-uvLLàJLI }L=j L^J^C- ' La **** ^ i iaj ^LjjuaJll ^jï i La 3-^ ) ûj-jIjJI tfjui ê— 

JjJu>JI I JUk (jrfl-^J A , B (j^iiwjjL! 4_d=LAil CjVUJI JÏUj ^bJi <JjJ^>JI J 

Truth Table Â^tisJI Jjj^o 







A ^LLill 


B ^LloX! 




OFF 


OFF 




OFF 


ON 


OFF Lik* 


ON 


OFF 


OFF Ula^ 


ON 


ON 


ON^ CT ^ 



(Y- OJjJ^ 

.(Jj-a j-<s B ^1 làJJ j (J-*^ J-a A ^1 1àX I (j^=xj La ÂJLv ^_ ^ ' sa a ^Lij^aJLI <GÏ (JjJl^JI (J^Li- (j-a i_£j-> 

. 4_La.3jJ I jjjl J Â-LfliaJLt I (JljLjl ^jJI (J-L<-iTuJ 4jLjjl». 4jLal_=j 'J-^ 1 - 1 ^ (_? ^ *„' (J? 1 -^ J-^ 4jLjjL>JI (JjJljv 

^jjîta (JlWl S J a J 4_La-SjJl âjJil JlÎI _jî j_lÎI Jl^j .SJlC (JÏLa-! û Jla£.V| (j-a _SJ_C £ya (JjJl^JI I Jui 

.4j^3 jJ! ù j$\ JLÎI jî 4_>l _^l!I JàJjua _SJlC £_a £à}Lc. 4J.2 ,JjJ^>J1 i_àj^a _SJlC Laî 
(jj-lÎ' j Ji-JJ-î ÂJU-"l>J,I ç<u-2-ÎI -SJlc uiJ I JlAj Y jj^j ■ «jA.^tl ^Jlc jjLà > uîj'-'-'^ Jà'ljdl -}Jlc jl ^=3 lit 



ÂjujVI ùiiVLsJI JÏUj Laljuijijî 2 2 — YxY jj^j ■ à_^LuaJI jjlc <jla Y i_£jL<-uj J^IjlU -}J-c <jL=j lit 

(JLi^L^JI JÏUj LaljuijAjî 2 3= YxYxY jj^j ■ àjÂuall j>j-c <jLa Y l$jL^j JâJjJtl .sjlc <jL=j I il 

N jjlc , < x x Y x Y (jj^=au Jjjt^JI (-à^^ jî (jiiVLcl^VI jjlc jla N uJjL<-uj Ji*l jlU -sjlc <jL== lit 

L^j lil 1 jî High jî ON j-jJ^I Ct I^û Cy $à AND 

. 1 u cWt\\ ^fn,A,\ jî ON J^ljJtl 
•cîU^juo cili AND ^ jtieluJW >jJI ( t- Y) j^. 



A — [ 
o 

B — 




A — & 
B — 



_ Y 



(Y- Y) J^AJI 



jLlUi ^-jjaij and j^Iju ùjVu. ( r-v) aj i ^ 



0 — l 

o 

0 — I 




1 — I 
o 

0 — I 



1 — I 
o 

1 — I 




(Y- Y) J^AJI 



ri 



àwJjJI ^LâkUl l^jUs^JI 







; a 


B 


Y=A.B 


* 


* 


* 


; o 


î 




1 


0 


o 


1 


1 


1 1 



(Y- Y)Jjj^ 

JiJjbaiMi^li AND "j" âjI^j 



A 



B çtSLJl C 
— o/ o o/ o 



-o- 



(Y - 1) J^.t.tl 



C . ^LlUI 



.J^Ij^ î3}tècili AND âjI^J J^IjJLI j jrjJJ! Âl>UJI j ^sU;t l j 0J tl(Y - o) jg-,* 




Y= ABC 



(Y- 0) J^nAtl 



YV 




(Y- V)JjJl>JI 'à. •»■ .^jl I lill j JÎLa Â^lj^îl gj A ÂJLùia> JjJl». jj'^— 



c 




c • 


* 


* 


0 


* ÏOFF") 


0 


0 


1 


OFF))0 


0 


1 


0 


0 (OFF) 


0 


1 


1 


0 (OFF) 


î 


0 


0 


0 (OFF) 


î 


0 


1 


0 (OFF) 


î 


1 


0 


0 (OFF) 


î 


1 


1 


1 (ON) 



(y- njjji^ 



: (J^-l JlaI! Â-j-mllLj 
:^^ie-q-U Â-j-uillLj 

OR Gâte OR jî ÎL>I>> 
4_ (OFF) ,jri±^ >° A, B ^Liill iJU. 4. Vi cjVLkII 



VA 



âjmjjJi liudkm i-iiUsjji 



A ^Ui^l 
-q/^ o 



B C 13LJ! 



(V- DJi 



■ \ 



A 
B 





A _ 



B — 




— Y 



(Y- V) J^AJI 



0 
0 



0 



(Y- A) J^lAII 



àwJjJI ^LâkUl l^jUs^JI 









A 


B 




OFF 


OFF 


OFF 


OFF 


ON 


ON 


ON 


OFF 


ON 


ON 


ON 


ON 



(Y- £)JjJLv 







A 


B 


Y=A+B 


* 


* 


* 


0 


1 


1 


1 


0 


1 


1 


1 


! i ! 



(Y- o)Jjj^ 



àwJjJI ^LâkUl l^jUs^JI 



-q/ o 

A c 12L»il 

-o/ o — 

B C UL^I 

-o/ o 



-Q- 



Y 



(Y- S) J^lAJI 

4_!L>JI .^-1 ur-tU û^LisI JI i^JijJ ^JJ-V L^^-" 3 2 J^' ^ 4- ùLsj-"' L^Jd ^ ' 2 J^'^' 4- 4-ûii-a 
'"' jl j-a j_lcC j B j A ^jjLài.1 (j^=xj LaJiic (JT ji Làla-Q ^Lu^ai.1 







* 


* 


0 


• )OFF) 


0 


0 


1 


1 (ON) 


0 


1 


0 


1 (ON) 


0 


1 


1 


1 (ON) 


1 


0 


0 


1 (ON) 


1 


0 


1 


1 (ON) 


; 1 


1 


0 


1 (ON) 


1 


1 


1 


1 (ON) ! 



àwJjJI ^LâkUl l^jUs^JI 



(Jj^a^-a ^_lC ^1 **' à U jj't 1 1 : * 
• ^1 •< 1 1 4-îLv jï ^^ie-cU Â-j-mllLj 

.JiJ J^j Âj>Ij Cjli OR <jI^jJ Jà*l JlU j £jJ>JI (>j Âjâ}L*J1 j ^ aiaJLÎ I j ]\( ^ «) iSJI ~ '^JJ 



B 



Y = A + B + C 



(Y- WJ^.MI 

NOT ^ill 2UI>) 

OFF)) *ULV1 J| ^jjj Y ^Liill J^j3 jî U-4 LdJj 0 „^r ^LUI J^UI 4. ^ (ON) 

( t -n) j^-,,t,t| Jl^î.(ON)s*L2»VI JI^jjj"*" «Ull^^j 
R 

A/WV 



A c ul^i / 



\ ^ — v / 



-Q- £-u^ 



Y 



(Y- U) J^n.MI 

jLjjJI (jLjj-^ l^-^ L- 0 I jufej jLpU J -^a a jLxi^ jj^j ^ jJI j "Short" êjjl jJL j <ûLà ^Llài! 

.^Làlal J I ^° ^ y*^} jLlxl^j (_i-L-><j j ^1 " à t, I j <La jLSJLI ^_ 

1Y 



âjmjjJi liudkm i-iiUsjji 



•(V- V)JjjL>JI JMS» (j-a ^-tAb I JlAj 





S^ 1 


A 




OFF = 0 (Jj^s 


ON= * Cr ^ 


ON = 1 J^j-a 


OFF=*. (JT jiia^3 



(Y- V)Jjj^ 

.Not ÂjI iijijv JjJl>~(Y- A)JjJi^J1 J-^JJ J NOT ÂjI JAcl! AjLàelLmXI J_a jJI <>_u J^lAÎI 

.A Ji. jJI Usj-j, ^ A Ji- jJI 





(Y- >Y)Ji 







A 


F = Â 


0 


1 


1 


0 



(Y- A)Jjj^ 

NAND Gâte "j^ii" 2uIjj 

ïjLui ^ NAND 

(Y -1 f) J^lAÎL ^3j^3 La Ijukj ,N0t 4j1 ic^jla AND 




Y=A.B 



( y - m j^uSji 



LY 



âjmjjJi liudkm i-iiUsjji 



(Y - u) j^,,t,ti 4. ^ NAND âj^j LT 2 é 2^Ji > jJI U 



A 
B 




O 



Y=A.B 



(Y - U)Ji 





1 
0 



A 
B 
C 



o- 




(Y- ^0)Ji 



.(^Jl^juj oli NAND âj! ^ iiji^ JjJl». (jJI (^Jijj La I 





AND 


NAND 


A 


B 


=XAB 


=YÂB 


* 


* 


* 


1 


0 


1 


* 


1 


1 


0 


* 


1 


1 


1 


1 


* 



(Y- <\)JjJ^ 

JiJju ài^h oli NAND j " 2bl # 
C.jB jA JiJjLAoMis^liNAND ôljj(-t n) J^A JI J^A JI ^ 



Y= A.B.C 



( y - n) j^.mi 



àwJjJI ^LâkUl l^jUs^JI 



Not J^lj^oMis^li AND 

(Y - W) ,~,!| ^_ ^ çjl j NAND 2 : \ J: \ jJ^jJIj 

A 
B 
C 

(Y - W) J^lAJI 

: (JT JLiîl 4_ûj^>JI (JjJuv (J^ii- (j-a 4jI _jjJI oJui (J-«-C ^ ' 










Y = A.B.C 


* 


* 


0 






0 


0 


1 






0 


1 


0 






0 


1 


1 






1 


0 


0 






1 


0 


1 






1 


1 


0 






1 


1 


1 


1 


* 



(Y- WJjJL* 



NORGate jf^" 4jIjj 



A 
B 




Y=A+B 



B ) ^ 



Y=A+B 



( Y - U) J^n.M 





(Y- )«\) J^,»,t| 



A j^jJt 














Y = A + B 


* 


* 


* 


1 


0 


1 


1 


* 


1 


0 


1 


* 


1 


1 


1 


* 



(y- 



J^ljuu <±j>Ij ol j NOR "j " ôl 
C.jB j A Jiwl jl« oMii cili NOR s ; i J; t ^aU;t i j: ..-,ti j>jJI (t -v«) J ^^ tt 

A V 

B 



7 




Y=A+B+C 



( Y- YOJ^xAJI 



àwJjJI ^LâkUl l^jUs^JI 



(Y - \ Y)(JjJl^>iJI ^_ ^Jt La I Jl& j (_L>-I Juo 



A J^jJLI 


B J^jdl 


C J^jdi 


A + B + C 


NORr>k, 

Cl-* 












♦ 


« 


0 


♦ 


1 


0 


0 


1 






? 0 


1 


0 






0 


1 


1 






1 


0 


0 






1 


0 


1 






1 


1 


0 






1 


1 


1 







(Y- U)Jjj^ 



Exclusive OR Gâte (XOR) "teyeaùS jî ÎL>I>> 

jrJ^jJLI ù_^=a Laj^ "HIGH" iJUJI jî "ON" iJUJI 

" " » * I 1**1 ( M II 

. ' j^^xj dlb IJlC. Laj 1 

.jrll^J^cliXOR ^l_fc>>j( Y - n ) J ^M' tl 




(Y" Y)) J^nAtl 




( Y - YY) J^xAJI 









A 


B 


Y = A® B 


* 


* 


* 


0 


1 


1 


1 


0 


1 


1 


1 


* 



(y- mjjji^ 



Jil JU o! j (XOR) 
C.jB j A JiJ jl* ôMii oCs XOR ôl ^jJ^j^ill j^ikiil>jJI(-t W) j^xA ll ^ 




Y= A©B©C 



( Y- YY) J^lAJI 



LA 



A 
B 

C 




Y= A©B©C 



A 
B 

C 





Y= A©B©C 



(Y- U)Ji 



.J^IjuadàtèciliXOR 




(Y- Yû) Ji 



C.j B j A JàJjbo CLi^û tilt j XOR 4_>l Â-Lt2a> JjJl>- (J! l^J^ I JlAj 





B JS-jJtl C J^Jdl 


A ® B 


v 

Y - (Aw n)w C 


* 


* 


0 


* 


* 


0 


0 


1 


* 


i ! 


0 


1 


0 


1 


î 


0 


1 


1 


1 


* 


1 


0 


0 


1 


î 


1 


0 


1 


1 


* 


1 


1 


0 


* 


* 


1 


1 


1 


* 


î 



(Y- U)Jjj^ 



Exclusive NOR Gâte (XNOR)ÎUdiil ÎU>«*ÎI jî 2l>!>> 

^Jl (JS-I jJll .SJlc 'j LaJ_Lc \ ^ ^ *"' Crô^ «LûjLjiJI XOR<bl (j o^slc (J-«-*3 XNOR 4jI 




( Y - YDJ^xAJI 







A 


B 


F = A © 6 


* 


* 


1 


0 


1 


0 


1 


0 


0 i 


1 


1 


1 I 



(Y- ïoIJjJl^ 



àwJjJI ^LâkUl l^jUs^JI 



juoj (Y-Y V) J___vA]1 J-^JJ .Ji*l JLa Âj}Lj 



JiJ Jua J_>MS C_>li (XNOR) Â^Aiil Îjj^kII jî ^jIjj 

XOR 4_>1 (j c Jà-I j-a Âii^lj tii) j XNOR âj! ^ J-«-»3 

.4_(1 




Y= A0B0C 



(Y- TV) J^lAJI 

C.j B j A JàJ J-a Cj^Ij <— )t j XNOR 4___JLv JjJlv(Y- ^ "l)JjJ_>JI 









AXor.B.Xor.C 


A®B®C 


A 


B 


c 






* 


* 


0 


* 


1 


0 


0 


1 


1 


* 1 


0 


1 


0 


1 ! 


* 




1 


1 


* i 


1 


1 


0 


0 


1 


* i 


1 


0 


1 


* \ 


1 


1 


1 


0 


* 


1 ; 


1 


1 


1 


1 ! 


* 



(y- n)jjj^ 

IC(Integrated Circuit) ÂlaL^La Wâj £\ jj> <__]_=. LaLl-, 2^U-a\ ^jLI ^Jl t_JLLÏ 

.CMOS jî TTL 

J^JLj ^Liia 03^=3 XOR j NOR j NAND j OR j AND j NOT ^LI^J ^2kill ^LUaJI jl 

(JT ic 4_u_j.a 4jLaL_=_La J.S jï TTL 4_j_s- jj j (_,JLc 4_ù.La 4jLaL__a_La j_> LLojLselLiul j_-u I g 1 à ) 

tâ^àll CMOS. 4U5U jî TTL 4j£U <> ç^> OR ÂJ^ jî ^CMOS. i^^ y,^- 

* ,jj3 diljLiVI j-Lsuj Lojiic (JjJljUJI 4 ^-j , „^— . jjIjJlÎI ^jui o^*-} 4- TTL j CMOS (j-u 

j-LcTû L^jLa CMOS jjI j_> Laî .4_jJLc S_i jJLLa âj-Là tiL! j.=3 j aj_u__= (JjJljj ic.j_.jij TTL j_> j-L<dj 

.TTL â— I gJj 1 La ' (jyic 4 I a L^JL*_>«j La Ijuij LjiJv Zj-lLco 2 sy>'** ûjjùàj 4_uia_iie_La La Lcjj (JjJljj ic.j_uoj 



àwJjJI ^LâkUl l^jUs^JI 



^3^0 La L^-Lc^ J^-jVl ^ 4_iL"l^3 jlcL Dual in line J^-jVl ^ &lLus cj\ j ÂJLaL^aill jJsl jjJI jlvI 

£ *.jî YA jî H jî U ^lc Lg-Laj A ^lc 




Lyiâ 14 




(Y- YA) J^JJI 



(JjvjJI (j^j Jtlbl .4_/a}L*JI jL<-uJ (jA* 1 âj_iIùLys ;JJ^"~ '"' j JL>-t j (*^J (J^-J - ^ -iJL>ô 4-<j}Lc tiJLlji jî ilàjv^Li 
jj^"->J < à Â- (_L^-J J-^~ï (jl ' C7^*^ ^° ' a (j" 'J <jî < à-t^aJI (j-u-à-> (jyic J-itJI Iâ_ ^-^ù-i ^ 

jj^"-JL? (<jr^' lJl^sJI ) ÂJbLUI J^-j-îl (j-o ûj_<iLy3 Jl»JI l \jl£>\ ç«u Y * jî ^ i jî A jî V jî 1 Lal L^dj 
^LiJI < ^-r-itl J- 4 ^" <jî jLJL " 4- 'j^=^* J-^Lhj Yï jM 0 jî *\ jî A jî 0 Lsl ^jui 

. i ♦ jî YA jî \ "1 jî \ i jî A Loi Lg-dj jj^xjj ^ J^-jJl! iLLla <jj^i3 ^Jl j 
Aîl £_i*àjj.û j^IjIJ ÂjjJtiîl j^jv ^yic V cc j Cr JsjVl ^yic GND J^3 



OY 



âjmjjJi liudkm i-iiUsjji 



14 ^jj=-jîl 



8 fâjj^yi 



m r fi m m m 




LU LU LU LU LU LU LU 



1 f^jJî!^' 



,W 7 ^âjj^l 



(y- y^) ji 



.V'Y'.Y jf V° (_yJI j ÂjjJuJI jj i^,a t±^p- (j-a (>-C>i J| CMOS 4_jLjLc ^ ÂlaL^altl jj! jJlÎI ^Lbo 

.<LjL=xjII Ljfcjjl Âj jJil! jLgJ5t=3 i La aà V° ajiel^û L^jLâ TTL UjLc LjÎ 
(Jj-c-i 4_^oj_iiùJI ç4_<-ul (J^li- 4_LjL=l1Î,I 3jJ:l jjl L#-jJJ (jr cJ-i3 4-1jL*JI (jyic i_3jjlLi (j| ^-j Laj i ) 

^i^ê^lj^ Jjb Ij^à ....AHCVt JÎ....ACV* jî ...HCV£ Îjuj ô^j^AJl ^! \*4 
jî .... LVCV* jî . . . LVV* _j Îjljj ô.oj-.UI ^1 'M 3 - v ° U 1 *^ ^J^i-^uj (jj-Ilj CMOS 
.vY,Y i^ujS âjjJu ^juiei^ ^pJI j CMOS ^jj (jjs Cy k. Jju I ALVCV* 



jî....ALSvi jî....LSvi jî....ASVÉjî 



SVt 



Uî 



.TTL £jj ^ ^yic Jju I jufc jla FV£ 



or 




.(>Jl>-jl^ tiit j NOR tiiLI <ajjÎ (j-a jj^— TTL 4_1jLc. <j^j ô»oj_<i ^yic LSV * ' Y Jjû : ^Ll*^ 



jrJ^j^ j NAND ^Li^ i 


* * 


jrJL^jL* clllj NOR ClLI^ l 


* Y 


NOT ^Li^ i 


♦ 1 


jrJ^J^ Cili AND cllLI^ 1 


♦A 


jil r ciii NAND cLi^ r 




j^i r dii AND r 


\ \ 


j^Ij^ i ciiiNAND j^bi^ 


Y ♦ 


JiJ Jl* 1 Cili AND jryjl^ 


Yï 


jil jl* r dii NOR r 


YV 


J^i a cjii NAND âJjj 


r« 


(>-L>. Juo dili OR CjLI i 


Y Y 


^^ilà-Jbo tlil j XOR CjLI 1 


Al 


j^j^r ciiiNAND âjI^j 





(Y- W)Jjj^ 

. (JrjJLi^ Jua tllli NAND CjLI^j l Cy k. (j^tj LSOOVi Âla L^all I 2 j^IJl!I( Y- T*) J^lA JI ÔJ-o 




(Y- T») J^n.MI 



àwJjJI ^LâkUl l^jUs^JI 



.^^J^CiliNORciUjj i ^^jl^^lj LS02V1 Âla l^alU i j^IjJIÇ Y - X\) J^-i .M I ù^j 



Output 1Y | 
Input 1A H 
Input 1B [T 



Output 2Y 
Input 2À 
Input. 2B 
Ground 




*H ff JE: U UY se » 



Output 4Y 
Input 4B 
FÎT] Input 4A 
[ÎÔ1 Output 3Y 
f*1 Input 3B 
Input 3A 



sua 



ff 1i 1B 2Y !* 2Ë GHD 



( Y - mj^xAJ! 

.NOT^LI^l ^^ji^^aJIj LS04vt a^ l^U ll ;^IjJI( Y- Y Y) J ^^ tl ^ 



Vcc 



m m r?i m m m m 



Input 1 
Output 1 {T_ 

Input 2 
Output 2 

Input 3 
Output 3 HT 
Gi:ound 





(Y - Y Y) J^lAJI 

.(j^l^Jua Cjli AND CjLI_jj 1 (jy k. ^3^0 (_yJlj LS08Vi Âlal^-TiU 2j^tjJt(Y~ XX) J^^tl jr^-j 



1A Input 

1B Input [jT 
1Y Output H 

2A Input [T 

2B Input 
2Y Output 
G-round 




Ht] VCC 

|ÏF| 4B Input 
■ H?] 4A Input 
jîïl 4Y Output 
3B Input 
3À Input 
3Y Output 




(Y- XX) J^UI 



ûû 



àwJjJI ^LâkUl -ijUa*!! 



.Ji-lj^r ^liNAND^LI^r ^^j^^aJIj LSlOvt iLal^ill 2^IjJI(Y- Yl)(j^A]l ù^j 





152 VCC Supply 
|[ÏÏ1 1C Input 

1Y Output 
152 3 C Input 
3B Input 
3A Input 
3Y Output 



Vcc 

r 



rm m m m m nn 




(Y - ri) j^.i.ii 

liANDciLI^Y ^^j^^lj LSllvt iioL^Ull s^SI jJI( Y- Yo) J ^^ tl ^ 



1À( Input) [T 

1E (Input) IX 

2A[ Input) [T 

2E (Input) [T 

2C (Input) l~T 

2Y( Output) [jT 

C-ND [T 




llij VCC 

H 1C( Input) 
H 1Y( Output) 
■ 3C( Input) 
H 3B( Input) 

l~B~l 3A( Input) 
H 3Y( Output) 



la, ic n ac as m 3ï 



Që3 



Oi 



il iE SA 2E 2C 2T HD 



(Y- roj^xA; 



.J^Ij^ 1 ^liNANDjr^l^ ^^j^^JIj LS20vt îU^-mU s^SIjJIÇ Y - Yl) J^n.MI ^ 



1A Input [l 

1B Input H 

ne H 

1C Input H 

1D Input H 

ÎY Output H 

G-round \~f~ 




14] VCC 

jH 2D Input 

FÎ7| 2C Input 

EDnc 

ÏÔ1 2B Input 

[*1 2A Input 

|T]2Y Output 



(Y- TDJ^lAJ! 



Vœ !D 2C NC ï 2* !Y 




NC 1C 1D 1ï GU) 



0*1 



àwJjJI ^LâkUl -ijUa*!! 



.JsJjl* 1 cili ANDùtûjI^ ^^ji^^aJIj LS21vi Âlal^-r.U s^ljJIÇ Y- TV) J^^tl ^ 





V tt 20 2C HC 2Ë 21 2ï 




u 16 mc ic 1D iï am 



( Y - TV) J^xAÎI 

.J^Ij^T ^liNOR^LI^T ^^^i^^aJIj LS27vi Âlal^-U s^SIjJK Y - TA) J^^tl 




1C 1V Œ 9B m « 




1i 1E il 26 2C 2ï GH6 



(Y- TA) J^a iUI 

.J^Ij^ A ^liNAND âJjj ^^^^Jlj LS30vi a^L=HU^IjJI( t -r^j^Ajj ^ 




□utput 



I 



Vcc NC NC NC 

m m m m m nn 



3 



1 2 3 4 5 6 7 



(Y- n) j^.v 



ov 




(Y- tOJ^All 

.ùriJ^J^^liXOR^LI^ 1 ^^i^^JIj LS86vt Âlal^-U s^SIjJIÇ Y- 1 1 ) J^,t,N jy±> 



1À Input H 

1B Input 

1Y Output \T 

2A Input [_T 

2B Input H 

2Y Output I 
Ground 




V E 4B 4A *v se îa aï 



vcc 

4B Input 
j_] 4A Input 
| 4Y Output 
ïô] 3B Input 
|T1 3A Input 
H 3Y Output 



^_> 



|j_ L_J __J L_J L_J Li.' L_J 

\t. \b iv ». _b w ghd 



( Y - lUJ^xAJI 

.J^j^^Y ^liNAND^I^^ji^^aJIj LS133vt a^L=HU^IjJI( t -tt) J ^-, ,M I ^ j^T j 





iirL.~b_~_L~u_~_ir_L.~_ir 



A B E □ E F 



(Y- 1Y) J^,,V 



ûA 



àwJjJI ^LâkUl l^jUs^JI 



s C, B,A jiij^aMSciiiORôi^JHigh^^iJiùj^ij^ .y 
A=10101110110111 

• jj^— j LoJlIc B,A t>dà>Jba '"'l'v AND V ^j^ll '"'I '^;*> 21. -.1... '-^jî .1 

A=101011111011 
B=lll 110000010 

:^JU 4_ B A jrU^j^ c^i j NAND 

A=1010101010 
B=1010101010 

SY 

OR , AND JL^LaVl ^LI^JI U^l^ BA ^Jl* dj XOR ^>I^J Â^L=Jll l ^pljJI jcvjÎ .V 

sNOTj 

:<JU^_C, BA J^ljLo^^ljXNOR^I^J Y jrjJJI ^ i^^Jll j^jî .A 

A=10111011 , B=10001000 , C=01110111 



0<\ 




^ ail L_lJjjill j ^ *<â\l A-ûlxj| AjjUuIj 

gALUI >J$kJ$ (friinAÎ) AaLxJI SjbV I 




,2> 



Logic CombinationalîUju*aï)!^!jJiJ! 



o 



r 



Logic Combinationalluu4*ÏII 



oJui 1 ^jlr i_£jH>o 4_jlaL=Ll!l jJsljjJI (Jj^ajj Â^jjl^j .Y 

4_jJl*aJI tljLuj JûJI 

jailli ûLilhîa 



1- 



Logic Combinationalluu4*ÏII 



<— 3 J-<-u .<— iLI ^jJI ^JijJ * Laj i uj diLst-iA^o jl Âj^à Â-à^aj j S La 1 1 1 <J1jL>I ^jJI (jyic 4_jjLÏl!I ù Juv jJI ^_ 1_<jJlj>iJ 
4_JLc£. jl ^^ita (jyic (J j caj>J I (__)l3jJiJ I Jl&j I g ' ^- « j £-a <J1jL>I ^jJI tfjui (_Lj-*-é5 ' ^J^""' 2 Jl>- jJI oJui ^_ 

(j-LCLa jJsl jjJI jjjo ^_3-(JI 0 JJt ÙJ^""" 1 ..' 4_l<_lca_l!I 3 j S La 1 1 1 jJsl jjJI <Lià 'â— ^p- Jû I g-iig J ■ aaj»J I ûjjI jJLà 

.(j-ajJI jjjO 4_Laj>J iâ_ (JS-I jJLI ^L C A -b 

I fe-L- J i i3j>Jl I <— i L J La-<J I (j-u-ûJ Cp - ^ J 4-dLaL=Liîl jj! j JlÎI (J^jlj I ' èaj] û JjvjJI tfjui ^_ <— 2 J-<-u 

<Lo.i£=^lJI jjl jjJI Â-La-ml 

jJsl jJlÎI (jjaJLJj (JliLjLijJI ^jj-^J <— ibLxjJI ***' ' *J A 1 1 ^ i h i7 a j jA", 1 |j ^jjLSJLI j ^jLLaJI j £_aL>JI jjIj.S 

:Adder £*L*Jl3jJb 

: JuJlSi2ÎLj (j^J A-J^L-uî '"'I -1 <• ^JtJjl (J_a 

Ljj-AgL ♦ <J-iL*j La <- ♦ = ♦ + ♦ 
b^ifi. 1 J^bu La <- > = 1 + ♦ 
L^ic 1 J^bu La <- ) = 
L^ic Y J^Lu La <- > » = > + ^ 

Half Adder ( J^JI ) ^il u «,*;\\ ^UJ! 

(Slim) ^a^>J,I La^i (j\s>.jJ>. (JT laJLJj (JS-I jJLI J_Lc (j^H^-" Ù^-^J Jj*^ 1 4_jiLala ïj^l^ 

( Y - > ) J^UI ^_ ^^a ^ La^= (Carry)J^ ji! 3 





2 

A S 
B C 0 













(Y- \) J^At 



1^ 



Logic Combinationalluu4*ÏII 



: (JT JLl]l (JjJl^JI è— -ç-ùa jj> La (JÏLa ^ à i ^> l!l £_aL>JI ^jLita ÙJ^" '"' 4-2jLu±]| 4_jjLiiiJI j_a^>JI cliLjJLa-C. (J}L>. (j_a 



A 


B 


C 0 ut 


s 


* 


* 


* 


* 


* 




* 


) 


) 


* 


* 


) 


) 


) 




* 



.Ji- jJI ^Ij^iLa 4- J 1 JJ^J (C ou t) J^-J-t' i (S) J-a^JI (_U^>UJ 



S = A®B 




C a =AB 





( Y~ Y) (Jj=j_iji]I 4_ j-a jji La (JÏLa ^ à < a lll j-aLaJLÎ 4_i_i_j£=jjli] I ûj_jI jjl ^Lllu.uI La I Juij 



Ao- 



Bo- 




S 



-O ^out 



(Y- Y) J^lAJI 

Full Adder C7 1^=J! ^UJl 
( _ 3 _<-uL-uVl (Jj-à-îl ùi^ ' cl^J-^' 3 ^3-*^?^' ù^-j^ u^*~3 (3^'^ cr^^ 3 ^' t^W^' *J^^ J 

:( Y - Y) J^— i i"itL ^_cij^3 jji I a^— i < (C[ n ) J^jL-uJI 







A 






S 


B 






Cout 


Ci 


n 



(Y- Y)J^UI 

1Y 



Logic Combinationalluu4*ÏII 



:^LÛJ! ^ Uàill 'â- a Ut, ,,,11 oLUaJI J>U <> 



l-> A 
+ 0^£ 

01 

ii S 



01 

ii S 



00 

4"i S 



l-> A 
10 

^ S 



O^A 
01 

ii S 



1 -> A 
+ \^B 

10 



1->A 
+ 1^5 

n 



0^ A 
+ \^B 

10 

4"i S 



A 


B 


r 


C 0 ut 


S 1 



















































































Logic CombinationalïLuu4*ÏII jjl^dJI 



S ^jJcJLLj 4_t^sL>JI 4j_sL*_U ^LuTli-u I I 'ù\ ^— i aLj , S -S^ajlÎI (jyic j.^3j_) Luï JjjL-uJI (JjJlj>iJI ^j^j LlJ ^ < èajj 
: (jî 4_lày»JLa (^-SjJ La t jukj oVUlLvVI J=3 C j B j A JlI.1 Jl^Lj LaJtlc 



S = A®B®C : 



^out -^3^*^ ^ ." " ' 



C OJi( = Afl + (A 0 B)C, 



J^— I i"lîl Iâ_ (JÏLdu (j^i-îl J (j, I""-» îl £-«L><JI ÛJ-j'-i ÇO-'-uJ O-* 1 ( ("■— I <1 i C ou t J S (JjVjJLIj ^-J-C^Jsl (JJ jJ_iL*-a .\j M 

(V- i) 



Ao- 



B o- 



'in o- 





-0 S 




out 



(r- oji 



Logic CombinationalïLuutaïII jjl^dJI 



(r- o) j^^tL^jii 

A 2 B 2 A! 

0 



A B 








C 0 ut 


s 



A B 






E 


C 0 ut 


S 



A 2 A 1 
B 2 B-| 



S3 S2 S-| 



(r - 0) j^Ati 



( v - 1 uJI ^-tisj-U £_aL>JI AjL3eILuÙ CjLjL». 1 (j-fl ^J-l 'J^— I ^ £)J_SJl*JI (jL=3 lit 




(r- Dji 



10 



Logic Combinational 



.4_ûjL_uJI jJJ ^l-liJj j"^— V - V) » '"^ (_j la 



A4 B 4 



A B Ci 



Cout S 



c 4 - 

(MSB) 



A 3 B 3 




A, B 




Si (LSB) 



Âj[s>- (_£| ^^jjseja (j| Ijuij A4A3A2A1 ^(j^J ^-H^ ^Lu (jr^ 1 L$ J-^* 0 <— > l— >Li~ 1 (j_a <JjVl .SJlsJI 



. S j] * L&jl JlLa 4^uâ ^_ (Jj-cjj <jijLjL>JI jj^s 

. B4B3B2B1 S^^-" t — Lr^ 1 l5 J-^* 0 *— >LjL^>-^- <j-« I ' | (^LÏiJI .SJlslÎI ;JJ^~ J 

û + ^ Y :4_lLc£. ^g-Sp (jî Lojî Lsl >lla.a 
M M = A4A3A2A! 03*=^ 

\\ ♦ ♦ = B 4 B 3 B 2 Bi Ù3^=i9 

;JJ^~ 1 A jjJ^JlC ^ T* J)~^~*" ' (^-S_p (j^LÎI 4 I al ^—."1 I jjl jjjl (_y3JU ^>l Jiir" 1 ni JI Lu (j^ajJ La I Juij 

.èliLL». 1 ,j-<5 La-g-La JlvI j (_L^j 



11 



Logic Combinational 



Sjjjus- ( «$►♦{♦ ) Ji 



. LgjvjLita j I glâ» I J a i à b se a £_a âjJsl JlÎI (J-li^s ÏJljjj p g *t <2e-ù=>\ ÂJa-<-a^a 



JjVl 

I 



Sun 2 Output [T 

B2 Input H 
A2 Input 

Sun 1 Output [T 

Al Input {V_ 

El Input [T 
Carry Input 

Ground [T 




| [îë1 ?cc 

5Hb3 Input 
A3 Input 
Tïl Sum 3 Output 
51] A4 Input 
| [ÏÏ1 B4 Input 
[ÏÔ1 Sum 4 Output 
|T1 Carry Output 



A.- 



_L2. 



S, 
B 2 



_L5. 



11 



/ 



16 



13 



74LS283 



8 

GND 



s, 
s 2 
s 3 
s, 



/ 

. c 4 



(T- A) J^.tl 

jlîl ^^ic V£ T Al £yj £rtjj^|.J a! JlscIxjjI UjL=3_aLià {^jju£=a I o^t <a->> Juip jJI jjjJsJutJI (jL== lit 

.(r- Wj (r- ^j^s,VI4. 



e s e 7 e 6 e 5 /\ 5 a 7 a 6 a 



C 0 




Logic CombinationalïLuutaïII jjl^dJI 



B n B m B„B„ A w A m A u A m 



B 7 B s B, A, A 7 A e A s 



B 4 B? B P Bj A 4 A-, A P A 1 




C16 s 16 s 15 s 14 s 13 



(r- wj* 



Subtractor £>LkJI 

*l J-scILuiLj (_£Ï) LlA (jj=xJj 4_u.«.a 4_Sj^_Laj 4_j1a£. L^Jj^cjj ^j_LaJI 4_jjLc£. ' q 1 1 <j-« 

jjjs «LjL». ùl^ ^jl<* J , ç^iSJIj ÂjàjjJI aI Jjà-" i nL ^j_Laj I o^— ■ (_£Ï ûj_iIûLu3 4_2jj_Laj ^j_LaJI (j.=ï_«j(^jLLaJI 



(Différence) Jjj^l 



Half Subtractor ^Ar^.tl ^jLLII 

^ la »"j (Jiwl jJLI Jilc (j^HL-<J cr^-^J ^J-^ 1 4_jiLila «J-j'-i (jj-* 

:( V ^) J^xAÎI 'â-ç-^ys ±& U=3 (Borrow) ajUlu^tj 



4__La 



M 


D 


H S 




S 





(y- 



( dj^^cJ' J- 1 ^ 3 L° lP^° (jj-û-*^-^' ^J^ 2 ^' 4JLlûjv (JjJlv 



M 


S 


D 


Bo 


* 


* 


* 


* 


* 




) 




) 


* 


) 


* 


) 


) 


* 


* 



(Y - T)Jja». 



1A 



Logic CombinationalïLuutaïII jjl^dJI 



^j^>J <-tâIaJLll d)V^L»Jll ^LlZL-ul Jj^— i < ' ^ fl-ûL>JI (Jj Jl>- ^_ jJU ^ à ' a t î I ^jL-Lalî ^ S La 2 U ^Vl 

. JiwjJI «JLilj^Àla 4- Jl jJl= (Bq) ûjLjlL-u^M j ,(D) 



D =M ® S 




B o =W.S 





XX- J^Atl 3 I ^ ^jlUlt ,-^U:tl s^M.ttl 



M 



O 



D 




-o EL 



(V- U)Ji 



Full Subtractor CT 1^=J! ^jLkll 



:(r -Sf) 





M D 
S F S 

B, B o 















(r- mj* 



Logic CombinationalïLuu4*ÏII jjl^dJI 



M 


S 


Bi 


D 


B 0 



















































































(Y- DJjjl*. 



d = m e 5 e 5,. 




5 0 =5M+fl i (M©5) 





(Y- U)J^JI 



Mo- 



5 o- 






1 






1 


/ 



-o D 




-oB„ 



( Y - U) Ji 



v- 



Logic Combinationalluu4*ÏII 



.(^LiiJI jjl»JI <_JLji (Jj^l jJl*JI j-a-^o j-*^ 4 -^-*- c - lJI ^j-^' ^ji-c-g <_jjj-uL>JI (Jj-^ 3 ^_ 
. C7 1^=l!I j-aUJI îJa^l _o_> C7 1^=JI £ jLLaJI ^ Jj^rtU ( -r 1 °) J^UI ^ I jukl^l LoL^uaL 

J -i^— ■ 1 1 Â-lLSHj 4-ajLjeTn.u.U 4jjjj_LaJI ^^^luj ,(_c-u-ul jj>JI j 4_lc3jJI 4_aJà->Vl (_JLcÏ â— iLa-j^IaJI j ) à xjj La I Juij 

îàL^L j-«^>JI <Ji SiLwi «-ÎL^JI o'^jb 4- <_1^£ ) • S Complément'^ ^LuJI ^att jî 

.(<— sLIjJ 

I j| ^Lla .^jLlLÎ Juvl j iàLjsl ç«û S £j)jJ^!l diLlu (_L^= (_3-àj jî (j fi^—tr cr^ 1 CrH^ 3 Cr^'-^' J a ^—i 1 1 ÏJlj^s (jl 
^ j i <aj jJlj JjvIj Julj * M * cA*^ ^ (j i r $Jt> S ^jj La a \ 1 ^LiiiJI ^dil '^J*^ S — 1001 (jL^a 

.Mil 

4_jl jj (_LiJ Jua JlvÎ ;JJ^"~ 'j LaJ_Lc .XOR diLI jj (J}L>. (jjo ^jjj La U (JliLlu (j i <* 4_jLa-C. ^-xiaUj i ^ <j-aà 
(Jjl^lC ^jLtxu XOR £j-^>- (jA* 1 J ' ^ "*"*' Lu Là ^jJ^aJI 4-îLv 'è— 4JL=»JI jji La (JÏLa \ ^jLjij XOR 

<J}L>. (^-a ^i^T('°\ JusJ _aJI ÂàL^I Laî „^>»1I j • £>>JI OS^i ^ J^^' (j^^ 3 'M ) V 3^ cA^" J^^>' 

.LSB jjj jî 4_m_*Î Jjaî oJl! LujiiîL * (j^=u ûjLlÎI 'â- (_£ jJI j Q n = l 



Logic CombinationalïLuutaïII jjl^dJI 



B r 



A 1 



B-, 



B, 



B, 



B 



FULL 
ADDER 

BIT 3 



Cou 



/ CD 



B 



C|fJ 



FULL 
ADDER 

BIT 2 



Cou 



0L> 



B 



FULL 
ADDER 

BIT1 



Cou 




FULL 
ADDER 

BITO 



Cou 



Cout 

s 3 



s 1 




Control=0 t^ 1 



Control = 1 



VY 



Logic CombinationalïLuutaïII jjl^dJI 



Digital Comparator <5*âjJI jjUJl 

j-ûLi LTV 4^2 }Lc _ll_j>^_j| jj^jJt] j^jj-sLu Çf"'^ (^jl J-ILa 4-jjLiLa ^_ «Llàjlàj JILcjJ 4_lcj3j «j-iLi (jjLci, 
. à I**' àe " jï ij\^Lujua jLjjLiÏLÎI (jï jï jLLLc-=xJI ^jLjLà Cj_)L=3 lit La ^jjLSil (Jjy ^r***'^ ^ 'I 
Ji-I J-ll jj^- 1 "' LaJiic ^ (_$ jLjij ^j-ita LjJ Jj^l JJ-ÎI f"^" ^ >XOR 4_>l (jï LuLUI 2 JlvjJI Luîj JlSJ 
.( V - )"\) » '"^ ^-tis j-a La (JÏLa Âj^jL-uILa JSJ JlII j)J^~ '"' LaJiic * (_£jL_u3j 4_àJCita 
0 « N _ 0 JijJlcuLb 0 vr ! Ji.jJ1 i^lii 

o ^Ql >— 1 ^QL-J^- 



1 

0 



^J 1 



(r- n)ji 



J"— — i lùJI ^_ ^a ^ji I i*-' (yCu (jyic I a g ' a (.L^ 3 L^i-*- 5 "^ ù- 1 -^^- ^jjLSi, <5jJ=uà-!l (j-u-à-i (JJlL-uJ (jï ^4 Laj i ) 

XX- W) 



= 0 



A 0 
B 0 



A 1 
B 1 



— > 



00 — 1> 




— 1 JulÎI 

j^a ^_5-<il I (jV , V ^aî jLjL-u!La (jl JJl*JI j)L=3 lil La <Làj_*_a (jyic XOR ùllLI ^\ JlX~llm\ êjj=xâ LLljiJ 

jj^~ ÛJ (jj^Jlc ^jjLLc-LÎ j-tii-J-a (jyic (_£^L>ij «j-il-S p j n < ^" I lui ^— i au ijjLSil 4_dLc-C j-C. Juj-cU 
j| (_£jL-uj , (j^5j_L=3Î (Jj^l Cj-lÎI <jL=j lit La I a q i a Juvlj (_L^= (J^ ^J^" ^ J >^>-lj <-^> Lc^_La JlvIj 

( X ~ \ A) J^— ■ ifùJI j ^jis ^a jji La I Juij (^LÏLÎI Cj_lÎI jJn^ï 



vr 



Logic CombinationalïLuu4*ÏII jjl^dJI 



A 



B 




A = B 



A 


B 


A 


B 



X 
Y 
Z 



(V- U)Ji 



:^L^= Z j Y j X j ^LkJI cVjUII ^LUL,j 



A B 


X 
A=B 


Y Z 
A<B A>B 


* * 


) 

* 
* 


* * 

y 

» * 


(T- û)Jjj^ 



X = AB + AB = A® B 
Y = ÂB 
Z = AB 



Logic CombinationalïLuutaïII jjl^dJI 



.( v - U)J 
A a 



^_ Bjjl jJL (jt a^jJI ^jjLSil (J-llcj 4_ûjLlxJI ùijVjL»JLI (j-oj 

\r 



B ch 



IL 




(T- U)Jî 



-oX 



-oY 



-oZ 



(JJ^— J LaJiJ£. ^ jî High IL. La_iiJuvî (jj^—j £jUta Âj^lïi <jjLSil jjl j.5 £ys ^ 

^jjjl | jufc (y- Y») J^lAÎI j-^jj .(jy^^" -iJutJI j>o j-«-^î JjVl jjulJI (jL=3 lit ^ L5iL^ i^JLiîl ^j-^' 



A 0 
Ai 
A 2 
A 3 

B 0 
Bi 
B 2 

B 3 





COMP 

A>B 
A=B 
A<B 



























(V- YOJi 



Vû 



Logic CombinationalïLuutaïII jjl^dJI 



iJUJI tf ^A4.Jà^>U < B=1101 ^jlaJI j A=1001 .sjuJI ^Lu^ojJ^ Jllo ( Y- Yï) J^AJI ^ 
.B jjl»JI (j^s jJL^oî A ^julJI <jî U_4 High ^ji^ll 4 ùj^j A<B ^j^JI <jî 



1 
0 
0 

1 
1 

0 

1 
1 





COMP 

A>B 
A=B 
A<B 


























(V- Y» J^H 





0 
0 

1 



^■jUai ^ cGÎ J^M: .Iglu^ cLL^ ^HC85vi 2^1 jJI ( Y- YY) J^lAJI 

JÎUU ^Jl j A>B in ) j A=B in ,(A<B in £jLU1 ^ 3^1 jJI ^>l>^ A>B) j A=B ,(A<B ioUIl 



B3 Input | 

A<B Input [F 

A=B Input [F 

A>B Input [T 

A>B Output [F 

A=B Output [F 

A<B Output [T 

Ground [F 




l lîël VCC 

|[ÏÏ1 A3 Input 

ïï] B2 Input 

|[ÎF| A2 Input 

|R?1 Al Input 

IRÏIbI Input 

ÎÔ]aO Input 

BO Input 




ai 



(Y - YY) Ji 



Logic CombinationalïLuu4*ÏIIjil^Jiil iUUJi^aJi ^Jluwb- 




Décoder SjÂàJI Jia* 

,Ji-jJ1 cjLlJ ï^jjui 2 ,^^j~a High ^Lc ^ jiuLa ^>>J! 4- ^ ^-ï Décoder « JJbta J^^iû Îj^ 

N , . ' 

£yj Y JJlcj (diLlu N (j-a <— >1 ) (Ji-I jJLI £ys N JJlc (jyic Lo^ah âj à i"itl (JJbta (_£jIb>o liAJjiJ 

I jui> ^jic JjliaJ I Jl! .^j-Ac JiJlC JÏUj High ^ ^Tt-iu-a Jl 4_jjl_ii!l CjLLlÎI (j-a 4JL.aL.qJI ^^j" 

ÂlaL^aill j^IjJlÎI j^iî (><5 . Binary to Décimal ^jJ^I ^LziJI ^ ïjJJJI JJbta j^ljjJI ^ ^iJI 

^■jJta s j M<f o^aJI jrij ^ Ja-jù jcvl j l^Ll* jj^j <ûV 1 of Décoder ^ M 

High • jiJl»Jl! (^j-jà.<JI £jj-*J1 ^ jlmx ûj^j ^j' 'M jjulÎI J-^L*^ ♦ ♦ ♦ • < J r->'-'- L " jjulÎI <jî ^jL*j 

.(X - YY) Ji=xA!l 4- Â-stJiis^Jll J jVl Âjj^=pJI *l jjeTLml VI LlJlc La2 * • L£jL"y J*"^' jj^,' La-^ic 



VV 



Logic Combinational 



o -[>— 

0 H>~L 

0 r 

o H>— 




0000 ^Lâl!^! J ^^ 



0 H>~L 

0 r 
o -O — 



0001 <J>^ j^ttate 



o H> 



o H>- r 
o H>— 



0010 ^LàJ! ^JuJI j-jiin ^Jb 



0 L 



o -O 



0 — [> L 

0 H>— r 



=3 



1001 ^Lili^ij^^ 



o H>— 
o H>-i. 



=3 



1100 ^LàJ! jjuJ! j-^^Jà 



o H> 



=3 



1110 ^LâJI jjuJI j-^dJa 



1111 <^ 



( r - rr)ji 



VA 



Logic Combinational 



BIN/DEC 0 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 



(Y- ÎTT) J^lAJI 



(jj ^— i j*** LûjLji <>Lj^=0 La 



.AND ^Ll^ Vju NAND 




Output 10 
Ground 



pt] vcc 

Input A 
Input E 
[iïl Input C 
\ Ï2Ô\ Input D 
Ëï] Strobe G2 
lïïl Strobe Gl 
[Ï7| Output 15 
[ïël Output 14 
[ Rs] Output 13 
14] Output 12 
llU Output 11 



^0 
^3 



23 



22 



21 



20 



cs r . 
cs 2 . 



X/Y 



0 

1 

2 
3 
4 
5 
6 
7 
8 
9 
10 
11 



& 





1 


>- 


2 


D- 
3- 


3 




4 


D- 


5 


>- 


6 


>- 


7 


>- 






8 


D- 






9 


3- 


10 


>- 


11 


D- 


13 


>- 


14 


>- 


15 


>- 


16 


D- 
D- 


17 



( r - ri) j^aji 



Logic CombinationalïLuutaïIljj^JiJl ôlÙJi^aJi ^Jïuwb- 




BCD Décimal Décoder ^>û*iJ BCD^Sjiûj^ 

j>ojJI o-a J-aj J=s JtA^ cmj Binary Coded Décimal (BCD(842lÂj > .l.tJI ^LiiJI 3 4- 
( > Y £ A). L^iljjî L^LO c^LiU. ^ujî 1, 8, V, 0,1 ,4 ,T, Y, V • âj^AaII 2 

.BCD Âjj-ioaJI 4_jjl_ilîl cj h mi 11 4 ta i "I *\ * £ya ^j-iuti\ J>1 JlcVI Jjj-CJ ^llll (Y - 1) JjJl^JI ^.lÔ 

. 1 of Décoder ^ ♦ ^ ♦ 





(AtY^ ( C D B 2>JàJ! 


* 








y 




Y 




t 




o 








V 




A 




1 





(Y - DJjJL*. 



BCD 2 ^ ^ jJI HC42V t 2 jJlA]\ Ji^ 2 j^l jJ CT 2kiil > jJI (Y- Yo) J^.t.tl 



Output 0 [T 
Output 1 
Output 2 
Output 3 
Output 4 [T_ 
Output 5 QT 
Output 6 [T^ 
Ground [~8~ 




SE VCC 
[ïil Input 0 
FÏ4l Input 1 
[ïil Input 2 
FÎ21 Input 3 
Output 9 



10| Output 8 
Output 7 




(Y - Yo) Ji 



A • 



Logic CombinationalïLuutaïII jjl^dJI 



BCD-TO-7 Segments Décoder *!>iv jàj^ïifiLfi BCD >3jiû JJm 



BCD 



A 2 
A, 



BCD/7-seg 

1 
2 
4 
8 



a > 



b > 



c > 



e > 
f > 



g > 



7 segments 



( r - YDji 



LOW , Ja. ààeJ a J j-y I gale u LaJ_Lc CjJlj>iJ 

■ âjjrt mmII tiJLâ CjLJUh (j-a ^><-îl I j-<fc 4_ À ^aj^aielll ÂloL^zaltl jjl jjJI ^ys LS47V * âj^l J) 



V, 



ce 



Input B 


Œ 


Input C 




Lamp Test 


Œ 


RB Output 


[I 


RB Input 




Input D 




Input À 


[I 


GÏÏD 


El 




Eï] vec 

[ÏÏ1 Output f 

14] Output g 

Fiji Output a 

[Ï2l Output b 

ÏÎ1 Output c 

RÔ1 Output d 

l~9~l Output e 



16 



BCD/7-seg y 



a :> 
b :> 



c :> 
d > 



o LT 



e > 
f > 



o RBI 



g > 



4 BI/RBO 



13 



12 



11 



10 



15 



14 



GND 



( Y - YV) Ji 



Aï 



Logic CombinationalïLuutaïII jjl^dJI 



.( V ~~ TA) J îùJI ^tis ^a ^Jb La (JÏLa (__)I3jjlÎI 4_iiLii ç-A ëj A ,", 1 1 jJJbta (J-li-^i ^jj 4_jjLc£. çCJJ 



BCD 




7 segments 



sAAA^ 




(V- TA) Ji 



^yic LOW ijiaÀseJLo \jjv çtuS J ' a >ù LuLà ♦ ^ ♦ ^ =A3A2AiAo BCD ûj_lj, 4_a_jja *-JL>- ^- Mi-ci 
( -V t H) J^-i û (_£j_iÏiaJI çftijJI (j^j^. {^ya 4_iiLiùJI (j^-i <ij La I Juij d j C j g j fjcl ^jLicJLl 

.2JL>JI oju* 

7 segments 




WW"— e 




(T - Y<\) Ji 



AY 



Logic CombinationalïLuutaïII jjl^dJI 



Encoders ûtjÂàll 

Lbîj (_,J-ÎI 4-tlqjt] I i g I juij ,BCD jî Lj-sLfJ j o i"i a ^>>- (JJj -SJul== «LliJ J_a JlvV i La 

BCD Jj^JI^^I 

4jljjÎj V 8, V, 0,1 ,4 ,Y, Y, V * Âjij-iÏiaJI jj^jjJI (JÏLcj (_ji>-l Jl^s Mif ^yUi <— ilj À .Ml (j^s ^,5-^' '^ L -* l^J-^î 

. JJu>J,l (J^J-cJJ BCD cj A ,", (JÏLaj ^jLita 
BCD. (Jl ^j-iïutJI (jjfl j à ài [ ? Ui 'i L I j-aj-îl ( T - V * ) J^-i Mitl ^_tis 



DEC/ BCD 




0 




1 




2 1 
3 






4 2 




5 4 




6 8 




7 
8 




9 




( r - roj^AJi 



BCD 



OR. £jj (j-a ^xâlaJLa tljLI La i 4_jJLc-*JI aJJt iS-^J^ cP"^ isjJsl JlÎI ( V - X \ ) 1 ^ ^j-à I aJr=3 

• U « =A 3 A 2 A 1 Ao g>£JI 4- o j^o «GLà High 1 >M 4jT s ^51 jJI Ja^}C 

"l. ^jJI J- 5 ^ 3 



AT 



Logic Combinational 



9 o- 
8 o- 



7 o- 



— L 
—T 



4 o- 



1 o- 





-oA 3 MSB 



-0>1j 



-o/l, 



LSB 



0 o- 



(r- r>) j^uSji 

ijjla Jjû .2 j^IjJl! ^sU;tl ï j^IjJI J^.^y. .UU^.^ £_« HC147V1 2 ( y- VY) £rtjj 

^Sj^l JLÎ1 

16 



Input 4 \±_ 

Input 5 

Input 6 

Input 7 

Input S Yï 
Output C [jT 
Output B 
Ground HT 




[ïs] VCC 



14j Output D 
[ÏÏ1 Input 3 



12J Input 2 
[ÏÏ1 Input 1 
|ÏÔ1 Input 9 
fï"! Output A 



11 



12 



13 



10 



C 1 74LS147 

€ 2 
O 3 



DEC/BCD 



1 > 



C 4 

€ 5 

c 6 

C 7 

C 8 



2 > 



4 > 



8 > 



GND 



14 



^0 
~Â 3 



(T- TT) J^xAJI 



Ai 



Logic Combinationalluu4*ÏII 



MultiplexerûULuJl Jïu* 

(jy ic jjl jjJI oJui jIL>iJ jLllvI j| p ■ s-, ' Jus jî jiaà» 3 La i ul jj ^.LSIbVI 4_jjLc£. ç<Û3 . Ljiaâ» jLllvI 

■^•"'^ £_3->j cii 1^ Lui! ,(_L^IjlaJl! (j^-c-j-i 
cjLjLJI Loi jLûàJ LuL=uaL <GÎ jjJI ^ ^iJ| | 4_L^> Ja-cajî ( V - TV) iSJI j-^jj 

.S Jaj. | jukjDi Ji-jJLI ûJl>.I jlil tilt jî Dq J^jJII ïjuvl jill 



D 0 & 




(r- rr)^ 



<— iLLu Jl>.I £â l^j^ S=l 4_!U- 4. LjÎD 0 J^jJll (jyic- ÏJl ^' j^I <— ^ S=0 <jL^= lit 

.(j^Jiil (j^j £ys Jcvlj jLli»o «ûVtO-1- Y Multiplet er Y) y (S iuliLJl i^êûlA £y> ^jiJI JjlU, 

to-1- i. Multiplexer i)x ( ïoliUJl Cy zii a 



Aû 



Logic CombinationalïLuutaïII jjl^dJI 



t>j-& is_f^ to-1- t. Multiplexer culiLiJI LT 2ii« ïj-iljJ L7 2kil.1 j-ajJKV- Ti) J=xA!l 

S}, j Sq p s&HÎI i La j ta >■ î (j\is>~Jua^ Y oljLulî ^jJta j D0D1D2D3) (CjI^LuJJ (JiJ J_a 1 (jyic ëjjl jJI 




( r - vi) j^xAji 

.Y ^^><J' L3-^- o^^' j-^i -Do *.LSlul plu «G Là Si = * j So = '<jl-=3 lil 
.Y ^-i»<-îl cr^ 1 jjj Di ?.L2jjl pjj <GLà = * j Sq = ^tjL= (il 

.Y ^iJI c?-^ 1 ^ >Jl ^' D3 *.LSiul plu «G La Si = ^ j So = ^<jl-=3 lil 
ùjLI^ il^l^ Mux(4 x(ï cjL:Lu C7 2iil îoikii! 2^1 jJI jî C7 2kiU .UU^ti ( r- fe) J^AJI 

Lui ^ iUla-La 



Al 



Logic CombinationalïLuutaïII jjl^dJI 



-770 



'/o 



'30 



S 00 
S 1o 



A 



A 



(Y- Yo) J^AJI 

to-1- A: Multiplexer A) x QoijLJl 0 £n* 

(D7 j Dô j D5 j D4 j D3 j D2 jDi j Do (iiiljL.il] Jl« A (JT l£. ciiLjLjJI 0 Sj - a ^ I juk iSjf^ï 

. S2 J Si j Sq p -»■'*' ^ j taâ>. V jY oljLxl] ^jjita j 
I Jukj Si S() S2 -î <— >l ±j^=>jZi j| Cj^?Lvo.I A (jylc Jj i^>J I I » ■ i\ \ 1 >■ ' ' La j La à. V 4 La 1 ul <GÏ cLaj>.}L 
p^—"tl JajJaà> .SJlC ^^lc V Jjuj JSJjlU -SJlC ^^JLc A Jju ÂJjLII û'jJb ^Jià ,A = Y V (j^o Jl==Ljj La 
(j I ïjjl jJI (j-L=j_cjJ ajJlLmj. HC1 5 1 ' * <>jJsl.S (J-li^3 1 La La a j (JT 2laJJLI j_ajJI ( Y ~ Y*\) ' "'^ 

Low (jiaikLo ^ jTl^u^j Enable v^àj Jj». jJI (_Lo 



AV 



Logic CombinationalïLuutaïII jjl^dJI 



Input D3 [±_ 

Input D2 |T" 

Input Dl [^L 

Input DO [T 

Y Output [jT 
¥ Output 

StEobe |T 

Ground RT 




16j VCC 

lïsl Input D4 
| [Ï4l Input D5 
H] Input D6 
12] Input D7 
I fïîl Select A 
|ÏÔ1 Select E 
pi Select C 




Y 
Y 



( t- n)ji 



F ^ ïLSHJtl 







- j Si =• 


3 So = 




1*1 


.Y £j^>JI (jyic ^jlvI jjj Di #.LSiiji 


<ûLà S2 = 


• j Si =• 


i S 0 = 






.Y ^j^>JI (jyic ^jlvI j D2 *-LSlu' 


ç«ùu <GL^ S2 = 


» j Si 


i S 0 = 




>*! 


.Y £^>iJI (jyic oJ^vi D3 #.LûJj 


<GLà S2 — 


• 3 Si =ï 


3 So = 






.Y ^jj»JI (jyic ^jl>-I jjj D4 *.l_Slu' 


ç«ùu <GLà S2 — 


) j Si — ' 


i s 0 — 




>*! 


.Y ^jj>JI (jyic ^jl>-I j D5 *.l_Slu' 


ç«ùu «Gli S2 = 


) j Si =« 


i S 0 = 




**! 


.Y ^j^>JI (jyic ^jlvI j Dg 


ç£u <ûLà S2 = 


^ i Si => 


3 So = 




1*1 


.Y £jj»JI (jyic ^jlvI j D7 


ç«ùu <GLà S2 — 


^ i Si 


i s 0 — 




>*! 


\\\ 1 itl « .J ,,"^—1 r j j l~»r»l i 1 tl J *1 









AA 



Logic CombinationalïLuutaïII jjl^dJI 



Démultiplexer ûLjLuJi£3>« 

Multiplexer. ^LiL^I Lr 2iia p-^uu Démultiplexer ^LiLJI 2 j-il-s ^^23 

I Jl^L DEMUX cijliLJI çj^A ^^Sj 

.(j-^j-^ta (jr 1- *^ L-«M = 2 (jLâ (jlvIj ' *"** '^-'^) ,N = 1 ù'-^ 3 'M 
.çjLJ^i ^ UM=2 2 =4 Cj[* ( p^^ Al .N=2 0^= 'M 

.M=8 p^^UI Çj^d\ jrjLU! ^ (f^=^ cL>_^t) ,N=3 jL^= lil 
.M=16 p^^-.ti (3^=^11 ^jUai ^J^i <jLâ cL^i-i) ,N=4 jL== 131 

Yjh ^ c^QLu ioikiii îj^IjJI ( r- ta) j^ui CT 2kiti (r - rv) j^,t,ti 





l-TO-2 
DEMUX 












Logic CombinationalïLuutaïII jjl^dJI 



ij\ Y J^yi J^jJI f^lc s jlvI jill tiiLjLuJI «ûLs S=0 SJLv 4- ^ ^uâLjlU s j^l jJI ^ 

.Dj gpJI J\ Y J^jJI ^L>Lu danois S=l <JU Uîj . D 0 

DEMUX(1 Ht t oJp «> ciLiLJI ^ 
DEMUX(l.x(i oQLu^iaiklil ïj^IjJI (Y - n) J ^,t, tl 

^ taâ» j D3D2D1D0) (^jUtAlî Jo jk> 4jujÎj Y ûJijl jJI (Ji- JlÎI CjIjLljJ Jaâ». (jyic I (_£jIL>iJ 




1 T--\ ^ L-\ 



Do- ^>^' Cr^ 1 Y(Ji-jJI CjLjLu L^j-m^ S^ = * j S() = * ù'-^ 3 'M 

Di. Yji^jJI c iljLu ^jj3 (_àj^aà Si = * j Sq = ^ ùL^ 5 'M 

D 2 . ^>JI (jA' 1 YJiwjJI ^LjLjj ^jj3 (_àj 1 Si = \ j Sq = ' ùL^ 3 ! 
D3. ^jj»Ji (jyic YJs*jJ1 djljLjj £jj3 (_33_^l2 Si = ^ j So = ) o ]l = 3 'M 
DEMUX (1 x(n n <> dLiLJl 



v 



Logic CombinationalïLuutaïII jjl^dJI 



DEMUX. 

j D 3 jD 2 jDi jD 0 ( oIjLuIÎ ^>ito ^ "l j Data diLiLJL! j Ji-Juo (^ic- « j-j'jJ' <>^-& l£>^ 

S3 . j S2 J j So p^-it-lU j)trv. ^jY CliljLijJLÎ ^jjtaj (D15 J D14 J D13 J 

HC154v 



Output 0 [~ï~ 

Output 1 |X 
Output 2 

Output 3 | 
Output 4 

Output 5 [~iT 

Output 6 |X 
Output 7 

Output 8 fï~ 

Output 9 [ÎÎT 

Output 10 [ÎT 

Ground \n_ 



1 t--* t*-» ^ 




[m] vcc 

HH Input À 
I22I Input B 
HH Input C 
[âïl Input D 
[m] Strobe G2 
lïi] strobe Gl 
Output 15 
[«] Output 14 
[ïïl Output 13 
|Ï4l Output 12 
lïâ] Output 11 



1 



So 23 



Si 22 



S2 21 



S3 20 



Dafa H7_ 



18 



î fi 



DEMUX 0 

1 
2 
3 
4 
5 
6 
7 



9 
10 
11 
12 
13 
14 
15 



& 





1 


D- 


2 




3 


>- 


4 


>- 


5 


D- 


6 


D- 


7 


>- 


8 


>- 


9 


D- 


10 


D- 


11 


D- 
D- 


13 




14 


D- 


15 


>- 


16 


D- 
D- 


17 



Do 
D? 
D2 

D3 
D4 

Ds 
De 

D? 

Ds 

D9 

D10 
D11 
D12 
D13 
Du 
D15 



(V- iOJi 



Logic Combinationalluu4*ÏII 



i Jlj>J,I ^jjjcJllj r S j S2 j , S j Sq jlii- 4 M^^jjj 4 -*é 2 ù^i <-â}A_*J! (jailli (JjJl^JI ^.Js 



s 3 


s 2 




S 0 












A 








y 


A 




, 


y 


, 


D 2 






y 


y 






y 






D 4 




y 




y 


A 




y 


y 


, 


A 




y 


y 


y 


D 7 










A 










A 










Ao 










Ai 










A 2 










A 3 










A 4 










A 5 



( r - v) jjj^ 



Logic Combinationalluu4*ÏII 



s Half adder u z,„',\\ ^jLka 3 jii 

s Full adder C7 i^=xJi £-*l>ji £jL** j J*i J_a .SJui jji La . T 

A=l , B=l C in =0 : JiJjdl ù^=3 LaJJ^ C 

A=1001 ,B=1000 :^U^High j^=a^jJi jjLsil La .1 

i^iJl JLiol jù£. JLtâ ô>^=^ Décoder âjjAll j . « à a La .o 

S A 3 , A 2 , Ai Ao A 3 A 2 AiAo=l 1 10 

j^Ijlo jj^" Lajj^i 7 Segments ^ ^ l^laî à h.mj ^ ij^Vi jî «JLuUi ^jUai ^l» .i 

S 1001 : ^jUû 7 Segments jj BCD <>a s ^.LiJi j-^cuLa 

S Multiplexer ^jLkajjiJ Jl^j .SJlC jji La .V 
S Démultiplexer ^jLkajjiJ 
A =1 , B =1 , Cj n = 1 • J^ljdl jj^" 1 - ^,'^ tl ^ J r" ^j'-^-^ 1 " 
4_,iLi (jj^. ljsLj j-^j (jiii ^Lsj'^i ^ La , 7 Segments <y i BCD <>a s jAA <aàa LljJ. \ * 

:cy JLiJLé= j^ijd! e^L= La 2_ 7 Segments 

> • n n ♦ i = A 0 
mvvi = Ai 

A 2 = 11110000 
A 3 = 00110011 

cjULJJ D 3 , D 2 , Di,D 0 J^Iju» 'ajujî ji Multiplexer ciULJi C7 ziia ^ ^ La • n 
Dq = 1 = Di 0 ,0=D 2 ,s =D 3 JjJjJj oj}^~i Lajiig. Si j Sp (<^i> lit (j^i^jL^j 

s S i=l j S o=0 ^3^=13^ 

<gl:Lj jii jij^i jj^- Laj^ Multiplexer ciULJi 

s 64 ^jUû 

LajL_ai ^uljlJ Ji- jl^j 128 Cr Jui ^>l»o Multiplexer 4- 0L2JG ^ jji J^jd! j_* L» ♦ > r 

S S6S5S4S 3 S 2 SlSo = 10001 1 1 :^^-i-fc!tJI Jajiaà» 4_a-jjâ ÙJ)^""" 1 " 
p i tl Jo ;JJ*^~ '"' LaJtic ^^Jta 32 (jyic ^_jIL>o diLjLx-iJI ^jj-a (JiO ' ^jjîta (jyic * ) 1 

sS 4 S 3 S 2 SiS 0 = 01101 




^ ail L_lJjjill j ^ *<â\l A-ûlxj| AjjUuIj 

gALUI jJjlaJj (HawaiI ">UlaJl jjl^'l 





Flip-FlopsûLtfûJ! 

T, JK, D,RS <_j^Li!I 4-à.tlà j ^j-^ . ^ 

4_j_L<ajJI i ~ 1 1 La La se 1 1 -Y 
I- A 0 4_i.i.u_u ûjl Jl^JI (jLûjf <_jjJl11I (J-*-iaj (jî 

4_jJl«jlJI c1iLujJl1!I 



M 



j_l»3 lit <GÏ (jyj-»^ L« > (_ji*jJ1 (jyic- JuoUjlj L^jvjj^ (j^-^ 3 (jr^'j ^ ^ j^'J^l' ^-*^l>^' «J^jJI L-y'j 
^jJJI j^ljjJI (j-a £j_LÎ1 Ijufc CyJ i2 . Sequential CircuitS4_L*jLZLÎ1 jî Â^UlII j^IjjJI ^ui\ L^Ag. 

.2 jjIJlLÎ (JjLoII £jj»Jt C^âjJI jini't 4-i Cr"^' J^^' Cr^ 1 « >ltjLil (jyJL^ll 

çalu (jy^v (j-GJL>JI o-* 5 l£Ï «-j^-Âit (_j S jjj .RESET jl' 2 jLct «ULvj 
S-R Flip-Flops SLwljà jjdJk S-R ) ÛLpûN 

llll llll w . . . 11 ( . . ^ IMl Mil w . . . . . 





s 






R 






D 


(i- OJ^ 


Ail 



Q 



Q 



q = 0 g = l jL= lijj Q = 1 jlà Q = 0 jL^= lit 4jÎ ^ ,U^u ^^0^=01 g j g ù^j^l 



.NAND 



.( t-iM^JI ^àJJ^ jL= La ) JjLuoII ^JLkII Ji-jJI 




o 0 



( l- Y) J^.tl 

j (2 f _! =0 Y Ï_>1^J1 JiJj^jî Lu =0 JjLJI ^jJJI jl=>j R = 0 j 5 = 0 JiJjdl eJL^= li! 

.2 = 1 JIlJJJj U 5 = 0 

• 2 = o 

= o j g = o (j^i .g = o <JUJi 0 jut4 jj^j i =o j iï = o j s = o jk eJ>L^ lit 

0 ii flj 4_ ^ç-xjl^j (_£ jjl j Q = 0 jj^J Y çdj <jl ^jJI (jj^ ' Qt-ï = 0 i = 1 J 5=1 4jbti! Laî 

S-R. i—i^ ail L^j çjjULJua jjlL R = 1 j 5 = 1 (Ji-I jJll 4JL- jj^— " tilî jj .(jLjjL-uILa 2 d ■ g 




r^Vl^s NOR obt _jj Ua^l jj^tl S-R c_jM2JLi îÂU'tl ^VL»JI ^^Jû ' 



.j-LL*j (jjJi-j 4_ûjLlxlÎI <QÎLv ^_ t—i^LSJI ^ i u S 1 = 0 j R = 0 u LjJlIc _ 
. ) <JL>~ 2_ <_j^Llîl ,' 5* = 1 j R = 0 jj^— j Lajj£. - 

. • 4 îl a. 'â. ' . S II ^ jj"^— y = 0 J R = 1 ba ' ~ 

.5=1 j = 1 <JUkJI jLiel^l I U^a «j V - 




5 






<2 


1 t* si 


* 


* 




* 


« 1 -,11 -i ^2 . 1 , T 1 -dll T 1 


0 


0 








* 

0 


) 

1 




* 

0 


RESET j^yi "oUI <JU 


) 

1 


* 

0 




1 


SET iJU» 


) 
1 


1 




? 





. NAND ^jLI^JI U^I^jS-Rc-iM^JI ^Ijl^l^I L^jÎ 
NAND cjLI^JI ik^ljj S-R ^Mâij ^2kill s^SI jJIj C7 2kill >jJI( i - i) J^,t,tl 

5 o- ' " 

Q 





° 0 



o 0 



. NAND ^LIjJI a^l^j s- Â^^^LMâ 



\A 




6 
5 

11 
12 



10 



15 
14 



1S1 
1S2 
1R 


4 


7 


2S 
2R 


9 


3S1 
3S2 
3R 


13 


4S 
4R 





1Q 



2Q 



3Q 



4Q 



( i~ 0)Ji 



4_Lal \^La }LÏLa 



Clocked S-R Flip-Flops 2Lwl>tl ( S-R ) ûbM 

La Lj-*^J LaLtàj jj^— " (_yJI 4_uij2jJ1 jjl jJlÎI jj^— " jLp-Vl (_>-lc î 2_ 



Clock. icLJI 

S-R Ja^J 

.( i- 1) J^Atl 





4\Auû Ln^ugj EN=1 jiaJI juJl*i> tiiJjj ENABLE ù^=^ 2_ ^MiJI J*^ i ^ „l 

.EN=0 us jUI jyj^b ciJUij DISABLE 

j^=Lj EN=0 Jiicj Rj S JâJ JlaIÎ l^jlx^llmj <ûî ^yuu La <jL^L-ul 4- S- 1 ^-^' Ù^==^ EN=1 Jiic 

.^ysl^lll S-R <_j}LLÎ1 JjJ^ ( i- Y) <JjJ^>JI 













£N = CLK 


s 


R 


Q 


Q 


y 






lSu*l\ 




* 


* 






) 


* 








\ 


\ 


* 


S 




) 


) 


) 






* 


X 


X 




Qt-i 



\ - - 



Flip- Flops Triggeringûb^l^iâ 

til! jJ .iloljjl,! CjL>L2JI ûJJt J-<wt3 (jJ «ûjjij (_£ jJI j 3 I 'M (Clock (j-alj^ JiwjL^)^-Jil Ji^j^ 

fi 

• « * 

(•) JJ 0) (jjs (Jjjs-I ûjj3 Jijjlj çtû 4_u.ia û_p-àJ 0) JJ ■ >t " A " ^JlSJI JlIcj (') L^Iul Jlj ;JJ^~ '"' À ùa-ùl I tfjui 

:(i - V) J^UL» U=, 



( 1 - V) J==JJI 



; a-l1L < u Ajùa-Li . Y 

:( !" A) J^-..Mb U^aQ) 



( i- A) J^lAJI 



CK 



; ( 1 - ^ • ) J^— _JI j ^_i___u L*__= 4_lÎL_u 4_I_>«j ^JÙ2 4 t-_-ù * Y 



OCK 



( i - WJ; 



^JÙ2 4 l__j_J <. 'J'y" i mj (jl ^j^" i I aJ~3 J^ 0 4____j_LÎ i_._iJe-Li.ijj _jï j^lj__U S _ R <_J^__JI — > 



4____j_J _-jL_Jlj 4__^s 4 l-_j-J JjVI , (j^-Lalj-La S-R j>ojJI ( i- U ) J^iAtl 

<_L>JI jî 4_lÎL_— M Â t-a-cl U c-t^ta-L-uj __i^l_JI _jî __L cC 4-_L-i Jl _)_»-j_<s ^jj* -—il 2j-IjJI <Jj-> .4_lÎL_ 

■ 4-_L— Jl 4_c___J 4_JL—JI 





S 












D 



Q 



Q 

( i- U)J_ 




Q 



Q 



CLK. 4_^L__JI ëjL-V 4__>._jil 4_Ls_JJ <_4.-*."..uj <_i>l__l jî Jjlj <LjL_ C J _£j>L*JI Ji-_UI Lsî 
<. 1 1 iiLill ^j_>JI f. CLK 4 La i ^jJâJI 4-ti »— ____>_! ç«û Vjl Rj S _j_»Jj_U _uj_>_i ^tH <LiL_ 

• G 

__VI_- (J— = è— (jjalj-La S-R <_j^L_J 4_i_v 4—. -i j u ^J_LÎI 4_JLc_. ' ( i - ) Y) i u-tl ^— — > 

I j ^ _a ' a - *' __— n 1 1 RjS «L_-.l_Lo 





S 

>c 

R 






3 









Q=Q M 



Q 





s 

>c 

R 






3 









Q = 1 



Q 



SET 





S 

>c 
F? 






D 









Q = 0 



Q 



(i - U)Ji 



RESET 



Flip-Flop D Synchronous ja\jjX\D uitëll 

.ciiLjLu (j^uû (_pJI j Data 4_*l=x] jl uai>.l 




(jy jjv 3 soÂÎI 0 jl^j i là àj ,«Lià ÂjjJtil ÂJLL-oJI Â a-t-2JLj i là àj >ij <_j}L2JI (jLà EN=CLK=0 4-ÎLn. I§_ 

.D Ji^jJ! <^>^>. 

JjJ^ J}U. j>o ^^n La I JLAj g 2_ J3 k....nj^ ttl jjjÛ jlà EN=CLK=1 ÎJI». 2_ 





D 


Q 


Q 


* 


X 


<JUJI 


G M 


) 


« 


* 




) 




) 


* 



( i - r) Jjj^ 



^Liîl <_i>L5JI J^Jla , ï Q j \ Q «LvjUtaj Ji^l <_i>LsJI J^j^j .iloljJLo D ^ «jiiLMJa 

Di «lL^ Jla2 jjI jJI <_jM2JI LjÎ , r 2 3 rQ «LvjUto j Dr i±Jli!l <_i>Ll!l Ji> , y 2 j Yg «LvjUta j 




1D 



EN 



2D 



3D 



EN 



4D 



2 


1D 
C1 


16 






1 

D 


13 




15 


3 


C2 
2D 




14 


6 


3 

10 


3D 
C3 






^J1 


4 




9 






C4 
4D 


8 


7 






3 



1Q 

ÏQ 
2Q 

2Q 
3Q 

3Q 
4Q 

4Q 



(1- \ 1) Atl 

) o_lÎI ^j^j <i ftj SET ji\ <JLv (j| ^_ ^j^ljjill D <_j^LâJI âàJôj (j^vl"" 

^ RESET j-^y I 

J-K Flip-Flop >l>m ( J-K)u}û 

4_lxxl1ÎL (JL>JI l ■ o i n a j-t^- <JLv (jylc V d ** j ^~ ' j S-R o^o^j (j^iJ-K (_j^LsJI j-LsTb 

.S-R M >UilR=l j S=l J 
.S-R 4 S J^jJLI J-K 2_ J J^jJLI J^Lu SET <JU 4. 
.S-R^R J^jJLI J-K^K J^jJLI J^Lu RESET iJU^j 

.<>i>4i j-k ^m^ji ï -i \ °) j^lA Ji 

7 



/c 




( 1 " )0) J^n.MI 

. j2,_i iiL-JI <oJU- 'à. J-K t-s^UJI ^fM,,^ CLK=0 SJL». 4_ <û! J^.Ltl <> Ji^M: 
. (2,_i ^-ûjL^JI âJLkJI i^jL^j 2 £>>^' jj^j.-'^ K •= j J -=j CLK=1 5JL>. 'â- 
jî^yi -oUI *JU*4. g jtjJkJIô^^K ï= j J .=j CLK=1 ^U^. 
."Y" jî iJLv^ g ^J! ù_^K .= j J i = j CLK=1 '^'^ 
o^=^ 2 f -i =1 \'A3 Q = l jrj^'ù^ ô,i =0 liJ.K i = j J ï=jCLK=1 iJU 4. 





J 


K 


Q 


Q 


* 


X 


X 


<2,i 


0,1 




* 


« 


ô,i 


ë,, 




* 




« 






) 


* 




« 




) 




Q t -i 


0,-1 



( i- OJjJ^ 

jL^ lij <GÎ <_yju Lm» .(JjL^oJI jiAf l^jLl^ <_j}Lài] (^JUJI jrj^JI jî ^ g = (2,_i J^y 

.2 = 0 ô, 1 = 1 0^= ■ Q = 1 ô, 1 = 0 

TFlip-Flop Tutfâ 

J-K 

Jjvl j (Jiw Jl^j LojJ ^ ■ «aj Jij_ujv I ^ ^ , » t J-K <_j}LûJLÎ K j J (Ji-I jJLI (J-Li^a ^Hj (JjJlslIÎI 4_JLc£. ç<Ùu 

.((^-L^^ K £-0 j) T Ji-jJLI jJlj 

. <>1j^U T ^M^U C7 2kHI >jJt( i - n) J^n.MI 






r q 
q" 













( i - n) j^.-mi 

.T ,j^3 <_j^Lâ 



CLK- 



J 


Q 




> 




K 


~Q 



(i- W)Ji 



4JLJL>. JjJi3- Jj^a^JI £ys I U£=3 qj La I JUk (K (= j J ï=) j (K • = j J *=) <_y-!U~ 4- K 

.(K ^ = jJ\=) j (K •= j J •=) ( _ 3 jJL>J J-K t-j^LsJI ï ^j*""- {j- 6 cj-ûjLijaT <_j^LsJI 

CLK. <LcL_aJI 4_<ia_uJ (j^jljjjJLI T <_j^LSJI 4jLjJï». (Jjjuv ^Llîl (Jjj^>JI ^_tisjj 



CLK ^Ul 


TJ^jJLI 


<2 


Q 


» 


X 


Q, 








* 


Qt 


t 4_ûjL<-uJI 
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V. L7 Xju U_« ji^Ij (_>^âLj ojL-^l j!jl»JI ^-xLai^-uj ^jlc 0 <^î jîj A Modulus 
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âj^ul!! ^LajSU ^l-uJI r \ \ ^3 1 1 (jjJt j 4jvjUcI cjVLv 2>Ac. (j^oljàil l $j_.ïaJI jl*JI \Sy^l 
^ <pJI ÂJUJ1 j . W > 6-° f t-âj^ 1 "V c^ 1 -^ 1 ^J^ 1 < ^ 8 - v - .4 T, Y, V ' ) 

JMJ^LjCLK ^L^JI diLtia-Jj ILuzyij l^=3j " Ai a C IficLuj JiJ jua (j j^'t J - K ob^Lâ i ^1 Jjà^L-ul 

£_a CjLj^LûJI ^jUta j (Jiwl Jla (Jj-*«a 4_Làj~3 cA' 1 J J ~*~ ^ I ul ^— i aL (JliLlu Âj^Ij (j-a lj.jJ.1 .il JljlÎI âj ^—■3 
(J-i-i^o (jî Lo^o S * ^ * = QsQ2 Ql Qo ^J^ 6 -^ ÙJ LoJlIc Cj Ju>o L^jJ-â j_lLu2jJI 4_jjLc£. Laï . LfrùaAJ 

J i^qj a NATsTD ; ^Je^a jj^j LoJûg ob>< âJI jA ^1 ^ ijj NATsTD 2 A^ > J-U j * Ml Q x j Q 3 

. \« V =QbQ2 Qi Qo CLR^LM^U ilalj^lllj^ J^IjlXL 

.BCD Counter jU^L jî Binary Coded Décimal Counter L5Lu jâ.mi i£>A*]I 
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^j-J^l jlxt^. Jiuu jUlj ,HC160V£ ; U l^ùX I y»' > 0 o âkiX I j QJ JI ( o- U) .t. tl^jj 

. CLR ûjLiV LOW jTn.u.a * ta i "I it JutJt j '» Laa!b ^ ç*^J (J^J - ^ •Ù- a l3"'" a 
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jilùjljûj ijt J^jVlj^ D 3 D 2 DiDo BCD ^ ^IjlJI ^ ^IjljlJI L_ul 



Q3Q2 Qi Qo ^jLi^l i^UJI Jl»JI j g Iqj .LOAD 2U...\j : \ J-^jtl "♦" T.rtw ^y, 

jIj^l^VI ^ j| juJI ^ I'jV J^jVl ^ Y High ^jiudl t^lc ENT j ENP cdL^J fjk^ 

. julJI js1jl*J1 jlà "♦" 'V (>o ENT jî ENP <>s j_Ju lit .julJI 2_ 



ï YV 



J-K èliLOLâ V (j^J (jj^ajj (j^jljlLa ^jLo/ JlcI t^aj (jyjLjï) -il J-*J 4 j S La 2 1 1 êjjl jJI( û _ \ 0) J^-. ,",tl 




Count down 



( û- ^o) J^uSJI 
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^juai <jVKi=i j Ji=i uu^_^L>>i2ji j_^=xJKjj j^ijju ij^j-^j q~ 2 'q 1 q~ 0 =\\)'a^ 1 i\ 

i^jiJJCLK icLtxJI 4_ti=_Jj LlÎL^ 4_aL». jî <_yjLj 1 K j J i = l L^J cjL}L2J1 J^Jjlo J^j jî Lu 

j_^J (Jj-^c T û ^jLjtil (J-^= jî I JLjij ,4 i>> ùtl (Jjj^aj (Jjjâ (JjJLiHI 4jjL-u jj3^~>" (_yJI ^jUtil ^Àks (j n^-if 

,CLK i^UaU Y 2 <JUaJI 4_àLJ| Jj^j j-lc Q 2 Q { Q o =111 J! g^jgg = 000 
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£j-^>J1 jî (^-«J I J-& . [ • j^l î ^Jl Â-cdil ^jLidL 4i_U3 ] K = 0 J J =0 ^Ig. L^U>12 

g 0 = 0 j-o j-l<Tlj g^ <J_j^' <_i^_SJI ^j^îta jLâ ,CLK «LcL-Jl! Y çcjâj 4 , ; H 4_lÎLji]I <LàL>JI (Jjj^j j_Lc 
g^ = 1 ) Q x = 0 Jl Q x = \^>i^ Q x c^ L ^ JI ^ çj-^ tliJj-^j ( g^ = 0 ) Q Q = 1 

jV g^ = 1 (j^j-iJ <L<Ll_<-uJI «LlîLv g^ £j_Je-U ^ iîjjij (Y 4_tia_ùJ 4_JLtxJI 4_àL=»JI (Jj_t^j Jlju '"il t-^^-t 

' Ô2Ô1Ô0 = ÙJ?^"" 1 .? ^ Ç*^J * »^*>j 'tl J^ic £j^>JI jî I j-A ^y-iu K=0. j J =0 cùL=j 4iS-l Juo 

■ Q2Q1Q0 = 100 <^^=^ 1 ^^Jl ^ 



A 4_tia_i_(JI JjU 4_jJL«-»JI Jjj ■**'" L^JjjjJ 
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( o- DJjJl^. 



jIjl^ ^ tP-iij LS190vi su^ti 2 ^ijjj C7 2kiii> J ji ( o- u) j^ui 



.(j-aljJLa ^jLu/ Jlc I Laaj 



1/ 

jl^i 94 = o 



jlJjj . LOAD = 0 jj LjJl_ui Do Di D2D3 JàJ jJt,l 0 ^ BCD 4-4-^2 ^L-i _sl J-j-*^ I— ob=^L> 



D 0 D, D 2 D 3 



B Input | 

B Output | 

A Output | 

G (EnaMe) | 

Up/Doim |_5 

C Output | 

D Output | 
Ground 
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ïsl A Input 
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«] MAX/MIN 
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(0 - U)Ji 



Cascaded CountersûlJlJUJljjwaîj 

(J-i-i^o jjj 4_JL«jlÎI Jj fljejj j j ^— >] (J_aL*-a ( jr -l-C j uajell I J_iij ( jr J-C <_Hj l Jt_*JI (J-li^o I IjI ^— i au 

.^uJI jIjuII JjL JjVl ^IjlaJI ^_c_j>lâ jiJ^jJta 

0 ^jj o ^ ^1 JLftJi <jl 1 là a. ^ ' .A «LLaL*-a (jyj-iu ÙIjLjj Âj^Ij (^LÏiJI j 1 4jLaL*_a (jyj-iu ù^jj (Jj^' 

cj^LaLiL^ <_jj^Là ^gjl uu (jr l=xJI ^1 julÎI (_LaL*-a (jl ^Jt 4jvI" i" i ni ^j^— 1 < ' La .YY=Y <L!LaL*-a (jyj-*^ L«_4 (JiiLj^La 



, i X X Y -A :^)ï (j^-SJ La Lg_La 



udÙJlLÀiâJI 
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4 J-aboi Jl^c 



8 J- 4 ^ 



(o- 



(_)l3j_j«J I ^l j_2ÎI ( jr -ic I g liaju £_a 4_LaL=illl > l jJsl j J_îl (Jj-*^ 5 J-^ Â-ftLXLtJI 0 i"i i ni ^j^M I a\ ^— i ab 

. (jr i\£â\ ^ric BCD jî ^jrU^Ac ^JiIJlC £ys (jj^n'ij I^IJlC ( 0" Y» ) J^xAÎI J-^JJ 

1 , 
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Q„ Q, Q 2 Q 3 Q„ Q, Q 2 Q 3 

100 ci- 0 ^" 
( û- YQ J^Atl 

Cr i_Jj jsJljlÎI jil jljlÎI ^> l -(jyjLiîl Jl»JlÎ CTEN JS.jJ.I_> J___ j-a Jj^?1 j| j_*JJ Tc £ ù' 'k^N** 

jl i La _g jILt-uja J - _a >■_ Loî L_l>I__u L_Lj îj»_9 • ^ High _g jfLmX I ÂJLsJI £,__<_• _L- i La CTEN (jl 

<_-l-*J La /<jl .-~^| à j[^3 ab _SJ__. jIjuJI J u_u LaJiic Tc <_---- High 4.ÎL-JI 0_L_> 4- <JLj_- 

"V High 2JL-JI 0Jl__ 4-<J-__2 l£ __!!___. J La>j jJ_Lt_t_î ( \ • ♦ ^ ) *\ Jl jIJljlÎI J t_aj LaJ___. 4_iî I juk 

.__>! j-<i*JI Jlc 4- <_---^' -il J-*-îl o^=lxj _JI _£-iJ_ Tc £j--=-U <__-_- 

^ YY 



iJUJI ûj-à 4- CTEN = High <jV ^ ^> <a * ^LUI .s1jl*J1 jj^j ^ » 4 >^> ùtl <J>"»j J^ic <jï cx 1 -*^ 

(J_«jja^5 (JjVI ^IJljlÎI (jV «lia ' j 1 <* 4_ÎL>. 4_ Te £->-J-J ûj-iIùLj-a LijLftjj^ Jl * jjjo LjjLo .sljutJI -^j^za jjlxjl^ 

\ pàjJ\ J\ JjVI JljlÎI <_L^u <jî VI îUmÙÎI ÂJUJI oJJt> 4_ CTEN L^jÎ ,_yju La T C Q^/nj • JiJulIL 

I j . Y \ (j-a ^JlC <La_jjâ <j_a d M ^jj ^LUI .il JlslÎI ' La-t ifù D J I i^-ijJ La ,4-jjLiJI ûj-clî 

^.Jl (— ilj-iru.<JI .SJlc J ' i3j LaJilc À La ' ^j^=xj (^LÏiJI .il JutU Tc ^^idl ûjLil ^jî jji 4Hlàa>^l a fj^—* q i La 
* fi 
UjL-u <?Lj La I La Ijufcj ,\ ♦ • 4laLt-a <jî ( _yju La Jl ' <>a Jl*j _}ljL*JI I juk <jî Liajî lLïjv^L} 

. ^ ♦ (jyjLÏÎI J>1 JlaJL ^ ♦ JjVI J>1 Jl*J1 d!>LaLt-a <_j j-Js J-^aLv (^jLcuj > ♦ ♦ C3^=JI Jil JulÎI J-aLt-a <jî ,j\ 



Shift Registers 
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Sériai in / Sériai out Shift Registers 
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Sériai in / Parallel out Shift Registers 
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Data Outputs 
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Parallel in / Sériai out Shift Registers 

.(Jje-1-u.U 4_JLc ^^IL>iJ ^JlÎI (JliL^LSJI .SJlc ^jLtxu 4-C.L.aJI diLiajj JJlc (J^iS- Cxj Jl*j 



Q3 J^tj çp-îbla ^ji" J D3 j D2 'Dl <Dq 
Parallel Inputs iZjljLaji! îjjljlU JàJjJU 
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Parallel in / Parallel out Shift Registers 



D 5 , D 4 , D 3 , D 2 , D 1; D 0 ) Âjjljàil Ji.lju î^Ui^ ^>b»o J*-^ ( o- V\) 
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là se Lî I (J-u-ûj 
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Bidirectional Shift Registers 

jî (j-uw-M CjLjLijJI ^jvljl Â-ûl ^— i al LjJ (jP-îl Ci^La- util ^j-a (j-\_<iL>ol J- 5 Ô s ! LJU±ja J-Ç^i 



t>-*^iî CjLjl-LJI 4_lL<ui (3^"*-"" High (^j'intl Cy lc Rightl Left p^— selll ilaà. jj^— j LsJiic. 



i^î ^jsjj Lj G4, G 3 , G 2 , Gi ù^LI _9_J1 ù^=^ iS-^P 1 = Rightl Left <jV 



(^î Jj^a i^Jijj La G8, G7, Gô, G5 <JiiLI ^Jl ùu"^ <n L^JiLà 0 = Rightl Left LdjÂ Laî 

<jL>o cjljLijJI ^vljl 4jlor pin Clock icL-alî ^ cjjJuv jiicj ^ 2 j 1 ^jJI (_L^JlÎL <_i^La 
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3 >S«ÙLT« jSljJtliîtf 
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1 2 3 4 5 6 7 8 
8x8 «U>j >Ai<->» 



1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 



58 
59 
60 
61 
62 
63 
64 



16x4 

( û- YY) J^xAJI 



64 x 1 <a>a^<" 



UT 



.c*j 64 jî Nibble 16 jî e^L 8 Ifct^j 2 j^alûJI 

(jjij^o (j^s ( 8k x 8) ^-Jaj i I <\^~ ' , o_i 8 L^_L« 2 jlvI j (J-=3 ç*-*^ a 1024 ^jj^o ( lk x 8) 

8192 

jjuJJ ^ji USb ùjUl^zxJI ^ j^=a 4?j?^JI 2_ 8192 J^bu 8k j 1024 LSLû JjLulk jî J^M: 

.2 



2 13 = 8192 



j 2 10 = 2024 



. JijaaJI ' à-Lgail jlaLSj C^âjJI à ' ^_ jJlj J>j-c-*JI j i â-LaJI ^j-J ûj-^j! jJI 

i La ' àjuaJI çaâj-J -SJi^ta C^LJI jî j_Lc jLà (û - V 1<_j) J"^— lLÎI 2_ Laî 



y 
r 

t 

0 

V 
A 



) Y r t o t V A 

) î ( 



) 

r 
t 

0 

V 
A 



















































□□□□□□□ 





































































)M ( 



(0- roj^ui 



.8 ^ 

'" ( û - V i lùJI f^-tlà " ' . 1 1 .L^Jjj^o (jj=laJLI diLjLijJI 2 Jlvj jjlc 2^-^=1 JJI Îjuui 

■ùj 64 Âjl^oJI l^ta ( û- V* î) .~.tl ^ulàlS uui» j CjIj 8 

3jSI1ÎIJjlL2jÎJLm 

Read s^ljJjJI 4_Ju£. ^ji^oj ûlII 4- ùy*-* >tc 4- f-^J ct^ 1 Write âjLi=xJI 4_Jl«-c. L$>^i 

(j-a £J-=»o L^jLâ S^ljJlîl 4jlpf J}Li*j ïjj=l jJI C^LjLijJI CjI Jlvj Ji-Jû 4jLL=J1 4jlpf <J^L>- 4- 

.2^1 jJI 

.Data Bus^bLJI JïsL: 



Address Bus 



Address 
Décoder 



Memory 



Ùà3 



Data Bus 



Read Write 



(o - ro)ji 



u* 5 



i jji ^ulojjj âjl>. 4- 



.Âjjl ^jILa 4-àx^aj <Jl)LjLj_iJI (Jj^><j LjJ^Ij». Jo j taà» 8 ^j-a 



v j . ^> ^ 1 1 (j| ^_L*JI (JÏlcj 4_jjLo Âj à (jl ^J-"-* 1 jLû^>l À i il 2#.lj_SJI à A ^ e (J^Li- 

; à "<" dlà (jl jJjlÎI jLjii-l ç«ùu .Address Bus (jl j_l*JI (JjaLj ^ a i n" Jo j ta >■ î I (j_a 4_c j-*Jta 

(jj^l_L*JI i La j La JJlC <jL=i lil (jl J-Lc 65536 jLpiJ I IjI t==> ab ,ûjj=I jJI Âju-uJ (jj^l_L*JI i La j La à. JJlc (jlCu 

4294967296 ^ Jj^JI LoL=^aLj J*^ 16 (j-a (-JlÎUj 

.32(_£jLi-uj (jj^LutJI • Laj La à- 
.Lg-La êf.ljJiJI j isj_=jljJI j (jyic 4_>Ll=x]l 4_jjLc£. ç*j3 ' ^j"^ (jVI (^j-i <— âj^-u 

ÂjLj^jJI Â,_tla,r 

âj^aljJI JL. CjLjLjJI (j^o OjL (jjj_>û ajJlmj -ûj-==I Jlîl 4jL*i^=a H 4-ila-e. ( û~ TV) J^— iSJI ^_Ja 

ùj àJlil\ tlLLa ^ j-Sj LfcJuu .(jj^l_L*JI (JâLj (jyic- I o-^J <jJjLl*JI (J-*-^"- 0 4- ï-ij^J^ *J * "' ^1 J^**' ' "I 

j_aî s j^jI jJI Cr ûJc3 L&jl»j s j^sl jJI 4- <-<-■-" mi j-â>tl jî <j' j^*-" j^î^' i ù' >**^l 2 j^i dia (j^a Décoder 

(JjâLj (jyic 4-t-ti» ÙLlIjLijJI (Jjsci-cLa Iâ_ ïji^jvjJLl di La ji»JL I CjjL (jyic J J i a >■ 1 1 Jl (^-ijj La-« ,4->Ll=xlî 
.4_ûjL-a]l 4jLvj_ll 4_ ^jLllTwI ç«J jJI 3^=jljJI (jl J-<-C j] J^J-^ 4- < ^^> :>, - 1 (*-> OuLuJI 



Address Register 



Data Register 



011 



10110101 



© 

Address Bus 
(jjjLuJI JàLi 



Address 
Décoder 1 

2 

3 

4 

5 

6 

7 



1 


1 


0 


0 


1 


0 


1 


0 


0 


1 


0 


1 


1 


0 


0 


1 


1 


1 


1 


0 


1 


0 


1 


0 


1 


0 


1 


1 


0 


1 


0 


1 


0 


0 


1 


1 


1 


0 


1 


0 


1 


0 


1 


0 


0 


0 


1 


1 


1 


1 


0 


1 


0 


1 


0 


1 


1 


0 


0 


0 


1 


1 


0 


1 



© 

Data Bus 
^ULiJt JâLi 



© 

Write ôL^=J! 
fi-j (jjjLuJI JjàU (_ylc 011 ù'>**^l £*-*J ^) 

( û- TV) J^AJI 



oU^ ( o- TA) J^.t.tl 
.L$3*.ljJi] (jiiLjLijJI (J^e-txLa â— <lLiaj>ij Ij_o~Ïj (jiiljLijJI (JâLj cr^ 1 < *-*- t ^ 3 j (*-• ^jm"^-! J^L-oll 



Address Register 



110 



Data Register 



11010101 



© 

Address Bus 



Address 
Décoder 1 

2 

3 

4 

5 

6 

7 



1 


1 


0 


0 


1 


0 


1 


0 


0 


1 


0 


1 


1 


0 


0 


1 


1 


1 


1 


0 


1 


0 


1 


0 


1 


0 


1 


1 


0 


1 


0 


1 


0 


0 


1 


1 


1 


0 


1 


0 


1 


0 


1 


0 


0 


0 


1 


1 


1 


1 


0 


1 


0 


1 


0 


1 


1 


0 


0 


0 


1 


1 


0 


1 



© 

Data Bus 



© 

Read s^l^lîl 

6 d\j±*l\ jLûi-l ^«_î> (jjjLuiJI (JjàLj (^yic -|-|0 ùl>**îl f-^j ^) 

(P) 

(û - TA) J^.tl 

RAM j ROM iSjilHJÏUyiJyi^V! 

( Random Access Memories) RAM Lu\ jA«JI â j^IjJI 



uv 



(Read Only Memories) ROM ckiia 2*1 j2l\ i j 

■ Igjlr Âjl-i^ntl ROM 3 j^=lj 
.ÂjJulIÎI jju^a^a ^ia S 'I jJj (j^i»- ij^itil (JIjLLljJL ROM 2j.~jli • là qj — ■ ) 

(Programmable ROM) PROM^ajJll 2*1 ^lîl 2 j^jli 2 jJI <>a ^iîl I c^>J ^jj^ 
^La^Ldl p^<n U^j (Erasable PROM) EPROM JJ <LL2JI i^aj-dl 2*1 j_àJ1 2 >^=lij 

RAM 2bt3l^*ll3^Sl^l^î 

(StaticRAM) ii£=LcaJI âjSI^AaJI 2j^=1jJ1 U^j jrG^ Jl RAM Âj%à*]l ïj^ljJI ^,„?m 
. (Dynamic RAM) DRAM ^z^LbjJI ^ty^! 2 j^=ljJlj SRAM 

.Âj juLiîl JlvI LtLLa ijjJta (JllLjLijJI S jj I jJ ^J^*-^ j-*-aLi*-=j (JllL^Lâ SRAM 2^=jli ^jL3eIL-uJ 

làLtrvVI V L^jLâ tiiîjJ .(^jjjeiL! j lo\ £j\ cu^s a ^jLàeTLLuJ L^jLâ DRAM 2 j^jI jJI Laî 

.Freshing j^j^j jî cLjJu»o L3 -«-<^j iJL a-,^>îi (^rci 2j>LcI <jjj> ^LL^Ls s jJL cjLiLJI 

SRAM 2 >^=lij Synchronous SRAM S-Laij^il SRAM 2 j^=li jry^ ^lc SRAM 2 j^=li ^,„?m 

. Asynchronous SRAM iialpil jjlL 

i^à DRAM oLi^ Laî 

(Fast Page Mode DRAM) FPM DRAM 
, (Extended Data Oui DRAM) EDO RAM 
, (Burst Extended Data Out DRAM) BEDO RAM 
. (Synchronous DRAM) SD RAM j 



UA 



.RAMi^iy^i ïj^iàii ^l^j^s ( o- Y"\) j^A Ji 






AS RAM 



SB SRAM 




SDRAM 



( o- r\)ji 



.Lg_La 3*.lj_SJI jï I golfi <jLl=ii! Ij~=i\ jJI h^Li- j_^Jljv| jLjUiwI <-JLah (JT ji <Ljj_L*JI 
ê^ljJiJI jî 4_>Ll=xJI Jljj-i I jJI (jl < La-t Zb jJI c-ls&ji taj (_y-îl p ^~ ■ seôîl jJ:l j.5 

.4_La 

(_Àjl3 Ilj ûJlahÎ 8 (Jlili 4 à j à i a a J^~~ 1 tj^C- ^L»IàJua jJI (j| Jàjv^ij ( ô _ £ * ) J^-. ,", tl J^L». <j-«-2 

(jjj «Lcj^jjta (_^=3 R-OW SGlGCt ' ÀjuaJI jLllvI ^_ < ^— i sdlîi i Laà. j"^' (jr^ 1 ' '"^ (J^ 3 L^J-^* 1 - 1 

.ï jJI <j-a 2^1 j_2JI jî <_>Li==JI «JL». i ^3 ajiei^u (^jdl Data I/O 

L^à 4 '° J à ' a 1 I i_3 ^Ôjus £yi JlvI j â— C^jL Juvl j LlIÎLv â— f^Jt <_P-ÎI J «JllLjLjJ cjj>~^ (jjij^KJ Ljjljï jlâ 

.jLlicJLl ' à-uaJl 

<jjJeJLI (JliLlu 4_jjLaïiJI jL^Jàl û*.IjJLÎI JaJw i Laj ui u çtùu «GLà ,<JLiLjLijJI ûJuvj û*-Ij^2 4-ÎLs. â— Laï 

.CllLjLijJI Jo J-*^> £^ita j-lC CllLjLijJI (J^ctxLa J I L$Jb^j><J J jLlicJLl (jl j_L*JI â— 



0 < ài^tl jlali»! 



1 ' kjuaJl jLçl-«-I 



2 ■ àjL^ll ^LlL>-I 



3 ( a i^->tl jLxÀi»! 























< 


• 


• 

t— 4 


• 

t— 4 


• 


• 


4» 

4 


4» 1 

>— 4 


» — 




Data Input Output Bufîers 



Data I/O Data I/O Data I/O Data I/O Data I/O Data I/O Data I/O Data I/O 
Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 



(û- lOJi 



\0- 



A 0 - 
A, . 
A 2 . 
A 3 - 
A 4 . 
A 6 . 

A 6 - 
A 7 . 
A 8 - 
A 9 . 
A10- 
A11- 
A 12 - 

A 13" 

A 14 - 

A 15 - 



64k x 8 



RAM 64k x 8 



C] Chip select 
Write 
Read 



C Output enable 



//O-i 

//o 2 
//o 3 
//o 4 
//o 5 
//o 6 
//o 7 
//o 8 



(û- 



Oi O2 O3 O4 O5 Oô CjLjLljJI ^jLita 1 La j ta >■ j-ic ^jl j_L*JI I jui ^jjJtll (JliLlu 4_jjl_ci<JI jL^Jàlj ^IjS-l 

• 0 7 0 8 

. Il I 2 1 3 1 4 1 5 le I7I8 ^LiL^I 

2j.^jI j ^_ ijjJcJLl ùljLjLijJI (JjiJ .4_ftjl_S jï <La-il-S àjuaj CliLjLijJI ^jj^iejj ROM û*.Ij_SJI 2j.^jI j j»J-S3 

LU^ ROM 

j3jgj-»^=ail jL^v J^L». Bi0S jjJl== ^ ^k'A< t J_Juilîl 4-iU.e. Iâ_ ÂjjjjjiaJI 

.ÂjJlÀjJI J j'y ^La S 'I jJj (jy^v ùliljLijJLi ROM û#.Ij_SJI ùj~=iV± • La àj >■ ' 

ROM .t>;'a ë j^=l i £l jjî 

: L^-La ji-j <— iLxà 2 Jlc <_J I ROM 1 La aà û#.Ij_SJI ûjj=li p 1 S " 

ROM Mask oli 2*! j^J! 2 j^=li - 
(Programmable ROM) PROM^ ^dl 2*1 j^JI 2 j^=li - 



(ErasablePROM) EPROM 

((UV EPROM ^ -,„^,t l H 3 ^ UJI ^J-^ 1 J^ 1 2 ~ 
(Electrically EPROM) EEPROM l^Lj^ 



ROM 2 



liol^Ji^ ( o- iY) J^lAJI 




Mask 
ROM 




PROM 




EPROM 




UV 
EPROM 




EEPROM 



(o - £Y)Ji 



' i a i 1 1 

Ol J.5Î À ta i ajLàelLmXI Jjjâ £ys LjLj^=i (JllLjLjJI L^tâ (JjÀj (_yJI âj-^sl jJI PROM Sj^ali 

.MOS ^jjm^Vi ^judl J^jXI <uà ^ LuiLuiî USlâ 2 j^=li ^ EPROM 2 j^li 

^_<JL/J 4-J Q-C ç<Û3 .ajL3eIu-uJ,l (J_l2 (j-O LjjLj^=3 4ja^5j_jL! iLLSjl 2j.^jl jJI (j-fl (JT ji UV EPROM 2j^ali 

.JjjLjâ.} ^tiaj 0jl jJLa (j-^J <-L3e i à 2 ) Jj^ïi 4_jj^_iia 2jLiiV 2j *~~ ' I JLÎ I l j^>jju ÂjjJk.X\ dlLjLj-i-îl 

.JLÙÙ C7 liw J}U 2_ jWU <LLâ 2 j^=li EEPROM 2 j^=li Lot 

(J pJI Â^fàM ÂÇijJLA 'â- Jjjâ ROM 2j^j1i L>Ojufoj 4_L<j<L-uVl Ol 1 I 4_£j_*_a (J^JJjJ O^ 0 

ROM 



ÏOY 



.0 jî 1 <jJ>iJ5 

.MOS gjj (> ROM i j^=li L>U (o - £T) J ^,t, ti 



i 
i 

4_tiJ»JI 'â— 



' I ail 



(û- it)Ji 



I 

! 



4-!L>. ^_ ' àjuaJI i La >«J 4_L*a jJLI 4_>l ^jJI j j jj" i nj-ilj^LÎI J lS-^ Hlgh (_g I (jylc ' âjuaJI i Laj> ;JJ^~~ '_' 

I ^ La ON 

.0 e*J1 ^ U OFF <JU 

J-^J-a j^ï (_^jj5ejO (j| La J-^Jj-J jl 2 (jail 4_JLa£. i^-i^J ROM 4^>oj_iIù JlJj-i Lui (_p3^1àll 

j| 2 (jjjï 4_lL>JI (jlj-LC (_£jL-Uj 

2 

(il <_LuaJI pl>ui ) = (il jl>ULÎI 4- Ïj^IJlÎI 
(jlajJiJ jLlieJJ jj\ j_L*JI jï i La ' 1 1 ' ÀjuaJI i La >iJ jjp.t-uj-iljllîl GcttS 4-jI (J-li^o VI L-LlIc L«-d tiJJ j Jjj-SrejJ 

ûJ^Jvjil 4_ajLûi1 i_â j_La ^yic 5V <G.ft-iS Jl^jv -ij^ j i^-SJj ON ÂJLv 'â- jjTLi-uJiljIlJI j_y= <ûV 

U_« ôjjLHI (_àjla 0V «Cuijja (Jl OFF <JLv 2_ <û^=ij 1 ^yi^u U_« c^uLUI jij^jlÎI 

.0 



(Jjla 16 (jj^-iô (jyic fiJ-iLâ Cj-j 128 j| 



A: 
A, 

A, 



Address 
Décoder 



10 

1 1 

12 

13 
14 
15 



16 I * t » ,, ROM s 



Resistors 




rD rD rD 



■3 -5 3 3 3 -S -S 



■HD -HD -HD <HD 



•3 -3 -5 <3 -3 3 -5 



•-□ -HD •-□ 



•3 3 *3 



:^3 



— T T T T 1 

rO rU rU rU rO 



3 J3 

•s 



'HD <HD -HD 



3 3 3 



•-□ <HD 



fO fl ( d 'd •-□ ■-□ 



^ ^ ^ 



<HD -HD fO fD 
3 3 3 



■ 



O O O O O 0 

o 7 o e o 5 o, o 3 o ; 



ô 



( o- il)Ji 



Memory Expansion Sj^liUI jj-uj 



I jJI JuJlaj Lui 



3 L 



.4_Ll*_« S-à-uaJ Lj-iiaJtJ I gJL La ^jj ^jlj_ilù <LâLcàL> JijJlajJI 4_JLa£. çûjj .(jj^LLaJI JJlC jJI j jJI 

J=j l$>^»o jl >Lc 65536 (64kx 4) Lpjtx-u s juJlaj ^Cj < ( 0- io) J^xAÎI j-^jj 

i Lui) ^j- ^-tis 



Address Bus 
16 bits 



Address Bus 
16 bits 



RAM1 

65536 x 4 



Data Bus 
4 bits 



RAM 2 

65536 x 4 



Data Bus 
4 bits 



Address Bus 

16 bits 



Control Bus 



16 bits 



65536 x 8 




4 bits 



Data Bus 



jLiLJI JâLi 8 bits 




4 bits 



( o- 10) 



ï ûû 



2 16 =65536 c*3^ JàLiî ^ i6 Jï L-^* 1 -^U^l *\J ^>^j ( o- il) J ^,t, tl 



13 52 



a, 

1 
3 



m 

en 
m 

<D 
"D 

< 



A 0 

Aï 

A 2 

A 3 

A 4 

A 5 

A 6 

A 7 

A 8 

A 9 

A10 

An 

A, 2 

A13 
A, 4 
A-I5 



£ 



Control Bus 



RAM 1 

64k x 4 



Enable 



RAM 2 

64k x 4 



c Enable 



(o- n)ji 



I/O ) 0 

I/O)! 

I/O ) 2 
I/O ) 3 
I/O ) 4 
I/O ) 5 
I/O ) 6 
I/O ) 7 



m 
-i— ' 



13 

5 

0 



( 0- iV) 



Address Bus 
21 bits 



Contra! Bus 



311 JSG 



Address Bus 
21 bits 

Contrai Bus 



RAM1 
2M x 8 



Data Bus 
8 bits 



RAM 2 
2M x 8 



Data Bus 
8 bits 



RAM 

4M x 8 



Address Bus 
22 bits 



[- 



21 bits 



Control Bus 



(0- £V)J« 



RAM1 

2M x 8 



C EN 



21 bits 



"D>° 0 EN 



RAM 2 
2M x 8 



8 bits 



8 bits 



Data Bus 
8 bits 

D 

ET 

£ 



(2 21 =2.097152) 21 oi3^ J^LU 4_Lû»l 

. (2 22 =4194304) 22 J\ 

EN ji*) 0 

ÂjjliJI ê j~=>\ jJI EN Ji-j^s) 1 «c^jja jj^-" Lojd£. Lùlill e^L La^o ^ (Low J jVl 2 j^=l jJI 

.(Low 



\0S 




S ModulUS jIjulÎI J^I^j ^ijû liU .Y 

,j-a (j^^ali jï (JliLu (jut-ftà. Jil J-C J^jLs-a jjfc La .X 

S^A J^iLia jls J)IJlc 4-lIc (^>^»o igJJI CjL>LLÎI ^Jlc jjfc La .1 

SBCD .il Jl*j ( _yjù IjLo .0 

JlvIj J=j J^jLst-a tlj I _i I JlC 1 ^ j_ji=^ ^Idl Jll JlslÎI J^L*_a jji La .1 

SYY 4jLaL*_a (j-aljJLa Jlc I "~<~ .il Jlc p j < isHs çajâ .V 

S ) X à \ n\ » a aIj" a j 1C ^yJjLîj il J n ' ISÛJ .A 

^ 4_LaljJil > l CjI .il Jl*JI j 4_LaljJltl dll.il Jl*JI (J\j (Jj-ûJI ^coj. ^ * 

(JjJlv 4_iLl^3 £-a (J - K) tljL^Ljâ ^»l JiielL-uL) (A) (J-aLs-a (j^j IjJLa j_lC. Jlc I <-aj .il Jlc ^.a-t^ ■ ^ ^ 

ç«_<jijj , 4 ûjÙL>J\ (JjJlv 4 A~,<Z— . (T) tljL^Lâ j>l JlscIL-uIj ("I) (_LaL»-a jli (j^a'j-*- 0 Cr^j^ -^l^-* 1 ^-a-'-^ 1 ■ ^ Y 



ÏOA 



Shift Registers 

SjL-cuJI jî t>-*^' *— ^'ji aL (^jJI Jjfc-.-u.U La .Y 

S<LvljVl (Jjt-txL/a iÉ_ diLiLijJI (j_a CjjLi 4_LÎLZLa À à ' saj <LvljV ^j^Lîl 4-C.LlxlÎI '"il cèajj .SJlC La .Y 

S4jvljVl (_L^_iji-a ^_ diLjLx-iJI (j-a CjjL Âjjl jILa Â-àj^aj <LvljV ^j^Lîl 4_cLlxl!I <— >1 cèajj .SJlC ^Jt La . 1 

11001010 : ^JLU! cjLLJI ^^Lnil ^Jlj^jljill J^jJI ji i^lj! J^^a ^j^j .o 

^j^JIj^LiUI J^jJI jr^iJ ^vljl J^a ^_ 11001010 ^JLUI cjLLJI JUo! jl^ .1 

5<Lc.Lmll '"'I ilajj ijj)j-a Juu (J^-ml, I I ^jl^ (_£jIb>o ^ jJI dsLLijJI (JT ji La .^Luil 

.(_£)! jlll ^>>JI J (£)! jlU (_L^Jl!I Jjfc-.-u.a 4_ Âjjl jla À à ■ a j 1 1001010 CjLjLJI JLiol çtû .V 

<Lvljl «Lia CjusH <ù'\ I air ,4-cLlxlLÎ .^/> 4 JJ)j-« ^Juat_> ^^J>JI I g-iig J <^-^t 1 (JIiLLljJI (JT ji La 

S<LliwJij Jjfc.iu.U llluaj lil ^Lull £J^>J1 J ^LllII Ji-jJI (_L-fc-.-u.a I§_ i— iJ^»o liLa .A 




j_Lc (J=3 ^j- < — ^ ^ Ôdj^*^ 'J- 5 ^ J ù' J-" 1 512 <ùjL: ûj.j=jL} 4-su.u La . ^ 

ÙJ 32 LjJ jla 4_al=j 4_La jJ_j^=Ûj (_yJI ùLuLjJI J>1jLCj-&La .Y 

SÂjJlIlIJI Jl£>- ^1 La2j| Jiic jjIaJI ûj^j! juM CjLjLJ OJl^J liLa -V 

S 24 Lg-bjLic. JjaL 4_iu-u Zj^a I j «Uic l$>^ l^^' <j£9Li*]! JiJlc jJt La .0 

Â- ùj 4 jjjj^ij (jyic ûj^Lsj 28 L^i^jLLc. (JâLj . Uj La .sj^. 3^=3! jJ o-JLj ojLJL âju-uJI (JT ji La .1 

JljJlaIÎ «-ajujel^-cill JjL-ujJI ^yk La .V 
ëj-^sli 4^>oj_iIù JlscIu-uLj ^^ita j| (JS-Ji-a 16^1 (JIiLLljJI ^jLïta j Jl^j .SJlC JljJ-cj ' a .A 

S^jLka j JiJ JLo 4 Cj( js 




^ ail L_lJjjill j ^ *<â\l A-ûlxj| AjjUuIj 

gALUI jJjlaJj (HawaiI ">UlaJl jjl^'l 




:ëj|jL>JI 

£_3-> (j-o <. i i nL>JI ûj_^jvï ^_ 4_<5jtieILijJll <J1jLj>JL»JLI j_iï (j-a £jj (jyic i_3j_SLiîl (jyic Ij-iLâ <— ijJûJ.1 ;JJ^"~ 'J £)' 



udÙJlL-iiâJI 



^JL*Jll__ .(JaaJI IJl^j a Ltâiî ^JL*_a a Jl-C-Liuj i La ^-ûjjj (S£.Ij__lÎ jl CxJpjVI ^ à ' ail 1 <LLqjlLi-uJ _£JlÎI <■ i i nL->JI 

c___-.L_.JI Sla. 

^ If Â_ LLt-a ^L^-o aLlûIÎ (JIiLc-lL'ClÎI ,j_a 4 I i ni i uj I j**< aj j ^— i qj i 4__u 1 îl ^^ij—^ 1 0- c - 'jW 11 ^ ^— *-^' 
C^!j O - * 5 < — J ^^hf^' (J - ^ - ^ ' u> 3 i { "~~ " *J ' N J-* 5 ^-IL*_a (J-J-t«a J-Lc. .^j_iJI j (JS-JlÎI ëj_3_vï j __jLjL_uJI 

cla-U-iU (. i i nLv jL#->- (jr^ 1 J 1 a ^-t^O^**^ '"'I L_u_>J I 

: g-tLiuJ] Âj^UuVI oL»5^=m 

< (Arithmetic and Logic TTnitYj Laillj «_»! — ti :4_^L-,Î oMij <j_a £JL_*11 ùj-^y 

jru_j ( "V- ^ ) Ji=3 _UI .Control Unit v. Il sjl^j j Registers Unit o^U^JI ëj-^j j ALU 

:4_aLc ëjj - __j ^JLslaIÎ 4_i.u.tjjJ I <__il_X_vjJI 



' . il ua 11 


■ " a-uilt o___ j 


(3-alaJl j 




ALU 


Register unit 




a___j 


Control unit 



^jiaJLtlj <__)L__>JI 2 Jls-j . ) 
ÇjL J -aJLJ L___uï 4_c__a__!l j t_jj_t__JI j ^j_L_JI j £_«_>JI (JÏLa __jLjL_uJI (j----. 4_ul i u_v qL -i Lqju ëJuvjJI j->j-â3 

. XORj ORj ANDj NOT Jîu ôaki. 

--U I « Jl>-_j . Y 

( __jJI 4_ii_-.ljJI <-_i^i_a-,-uJ I (j_a 4L__j_a_3ta _L_ L_âJ_a __jLjL_i_JI (jj_iej i <■_- Lx-Lbtll I (j_a 4jL___l___J La ^_aLjj_) Ixa-uj *.Luî 



nv 



:^Ui!Jil^ .1 
.^j=L^el!l JjaLj j oLjl_L±îl JjaLj j (jj^Lltîl JjaLj : Cr ii Jjâl jlîl 




: ôd? 1 ^' 

LjlII (J^jlj-i-uJ -j-^I (_yJ»-jL^ ' La-; ana jl 2jj=l jJI ^JL»JLl £ ol_j>oVI (_£.sLvï J-jâLj (jj^LulÎI JjâLj 

J aJb ^Ltail tiJJj j I/O J J^^' JiàL-La j! ûj-==I JlÎI 2_ j^LaV (jjjL-Lc. ^yto-vJ ^jjgLutJI JjâLj 

.4_ajLjeTn.u.U <JLiLjL><JI jï i Laj La^J I .SJuu ila_ûjj jjjl_L*JI JjâLj JjLlaj Ç*^?^ • W-"-* 3 <— '^W - ^ 

.L^lÎI Jj^sjJI £-IL*ll (jl ^3 qL (jPJI âj^atjJI çtustjv Jilj Ui=3 (jjjLutJI JjâLj djLiL>. JJlC jlj Ui=3 

.2jj=1 jJI 'â- jl ^— a 1 • ûVl J I Jj_^^]l ^JLjlaI! J^— qj <jL>- n al J^n-uL 

.i,Y\0, ,• • • (J\ Jjj^yi ^JLaaU <j-=x*j ÂjL>- VY ^1 Jiid^L 

: Cr !Llîl 'â- ^yaieJjj ûj^jI jJI j=jl_aî JJlC j jj^LutJI JjâLj djLjL>- JiJlC dajj3 ^Jl Âjâ}L*J1 

M=2 n 

2 j^sljJI j^iLsî _SJlc JÏUj M 

.(jjjLidLÎI JjâLj cj|jL>. jjlc JÏUj n 

nr 



.Y" i= UiilVii«VrV^ûûnn 



JlLj cjLiU- .sjlc .slj UJl^j . L«JLI £jj t_x^L>- I juij <jL>. 11 jî T'Y jî n jî A J-*^o jî cjLjLjJI JlLi! 

.^-alj-JI lui-u 4_Cj-<-u J ^-IL*-H *l-iî -i'j * <Ji=3 dsLjLJI 

: ^s^LStlJI J"sL> 

fi 

: L*JL I <jjtA 

i_iJLi cjLklJI j Assembly language j-^^iJI JJlo (Low level languages) (^j-1-..JLl a 

.^JL.LàUJI 5JLI j <Aco-ll!I j C iiJ Jla (High level languages) ^jfm.tl 
^JL»II J^j-uj t mnemonics _j C3 -«-<-uj Âji3_iL><jVI âJlLIL <jiiUJl=3 4_ui3 <jiiLa-ilsû j ' ^-t-iJI iiJ 

^-aLjjj 4_jLl^jJ ^--LcA-iJI 4JlÎ LLaJiir" > ni lil .^g jILmJ»! (JliLiJ £-a LiLjjLja La lil ajJLst-a 4Jl! (JiiiJ Lj_L^x] 

4_ j La_tj ^J-2j .4_îVI 4_JLÎ ùj à 1Z1 ^-_lca-l!I 4Jl! âj à (J_j^>iJ (_i_->»j t ^JL»JLI * jial àe^a ^LaU ■ u ' ^ 1 1 ( La 
4_iJb ^JLaII 4_^jta 4_jLc£. ^=JJ ( 1" V) tiJI .Assembler jî j_<^>J.Lj (jr a_ txu ^-al_i J-j^elîl 

.^-. L C A -lII 



ni 



Assembly Language 


■ lu! 


1 


Assembler 






Machine Language 


Ai] 



(1- r) *,ti 



La (jJj-b (J-* 1 4-W <LiJ (Jj-îtj L^jLà £ ^JL*J.I (jylc Jlajjlj V < jTli.u.1 I <Lj-ÎLc <Li*^sj_lÎI diLiJ Loi 

.(Compiler) j-^uHL> /\ (Interpréter) ^j^LLi (jr ^^n 

:<. 1 1 nL>Jt 

j RAJV1) j-îl (JÏLa 4_jj>*jL>. <Jl! Lj^=j-«-! ^JLslII (Jjj^sjj Lulc La L 1 1 uLa» jL$3. (_5-Lc J ' =a >ù (j, ^3 î 

.(Input/Output Devices) ^jJJI j Js>jJI 2j^î j (ROM 



no 



udÙJlLÀiâJI 



ÎjLU — 
RAM, ROM, Disk 




I 



(1~ OJi 



a Jcvj 

:^CPU 

j_xajv J I 4— t LaJtJI 0 Jj "—-j .4_jJLlîl 4_ft_LldJ I CPU J euh l 4_jJL>JI ^Lft j Jj û JI j J^" Jl_lC 



ni 



<Lal_c p I là ' 1 1 ^_alj_j ^ j_23 .BIOS (JÏLa ROM ^_ ^\ là lll ^_aljj Qj^ej j é ^-aLj^-iJI CjL^-lLlj j j à " ^.Loï Liâj-a 

4 Ij i nj (Jl o t" i ni (_l_-><j jLpJI jJ^£ jilsLà i c^jaj-a » ciiLjLijJLj • tà ân — ■ ' ïj.~3li (JT ji ^jï 

.L^jJI ^Ll>o LaJiic ^_<jIj_lÎI ^Lvp^jil jjjo <. i i nL>JI i**'^ <_>^ 2l J-2-!' ^JLàeH.mJ .^_alj_iJI Jà-à>J 



nv 



4^0 JuSjO 



H .<■( ujLsJI âj j^î 2_ CPU 4 'J A 4_j>JL*-a ÂJ AjL3e!LmJ c 4_jL>- H L*-« J_fl> A* Al J-Iuî ^JLslI.1 

4_jjl_iiS ùliLiLu (J-aJtJJ <Uaui4 j-ol jVl p là « a j 4_jliJ jjl tlj}Lse_i-uJI j Jjlaitl j >— )Lt-a^Jl ïJlvj jj| ^iaj 4_jL». 

.(-(*_fcûi> <A*iA*\ i A*TA"\ i A • YAl) A- X A1 tliUJltJt JjVl ÂlôJI ^JLaJU j-lLu Xli H 1^1^!= 

4_$Jvl û JlJVJ I à <^>J J <LÎ 4_jliJ jjl 4_u_lÎI j 4 j i nL-uVl ^JL*J,I (J-4-C 4_2jj^3 Û^LII ^_ J)j ' l-âj-ui 

j _,A-,-,ti » j ^ (_j ^ j Â_ti^|jLÎl ù^U mil <Jtjl tâj j (BIU) Bus Interface unit J_âl_Lïl 

.(EU)Execution Unit 

t^ylc A "Al Jjjî ^JLaJLI l£>^<j 
(c^jL y) 4_iL>. n L,J jLs <JijLiLij 4 jb^aj 2?l (>o L»JL1 »j t Data Bus «JiiLjLJI JjaLj n • 

^/\_jJLj!L« £j* »l " ^-IL-»J>I (J a *" ' "J <jL>-^*l ^jjj^-*^ .(<— iLjLi- A) CjjL (Jïi^j 2jj=I jJI 4_ (jl ^— ■ a 

IjJI 2_ 




4iUk 20 



4jLk 16 



(1= 0)Ji 



jjjU«Jl 



HA 



.4_<ijJL»jJI .v 

i^jJ (BIU) Bus Interface Unit JïsLUI ùjUuaJI juAnJ EU) Executive unit) juAnJI 



8086 



EU 



BIU 

diLulxUll ' . lia 



Execution Unit 



Bus Interface Unit 



cJaUl! 



2j-=3l CliLjLijJI J al^: 3 (EU) j_LûjjJI ÏJlvjJ ( _J_S_LÎ1 '"'IjI <yc ç-jlaj><^ (BIU) (JjaLjJI 4_gjvl ûJjvj 

<_J^U BIU jlSi ~j ^ j_S3 t O L»jJjûJ I Ltà '**■ j (EU) IlxàZLlI 2 Jlvj ^ jJsj Lq-Lu (I/0)^jj>JI j (JS- JlÎI c Jlv j j| 

(jjJI c^LuLlîJI jj-=»o .(prefetching) ï^uLîijl c-Jl^o 4_JuaJI ojuk cr «_<- u 3 .2 jj=I jJI ^ iJbJI Â-aJLCtJI 

(IQ)4-<^-lLClÎI ji^jLLs ( _ y ^-i-u3 4_dLiJ_S Cj}Lse_<-u j-îl Lg-il>- 




.pipelining jî overlapping _> ^ ^ , ,,j u ljuji ^u^Laii juAiî j <_jl>ji ^Lui ^l>lji 

.BIU j EU ùy^l jJI ùyJ^yi 



C-bus 



JâUîl 



B-bus 



ES 
CS 
SS 
PS 
IP 



i 



- A-bus 



2 

T" 



AH 


AL 


BH 


BL 


CH 


CL 


DH 


DL 


SP 


BP 


SI 


Dl 



a r 

(JjlaiaJI j ' -il ■ aa il » JAj 



Operands 




Flags 


f3WH 



(1- V)Ji 



:(BIU) JâLUI 

<Uj_3:-iî I d^yLSK-i-a . Y 

(Instruction Queue(IQ Â^LcJ! jjjII» 

LjISIÎ! ^jLji i se^a diLaJLiû (l) Â" ni A 'Al jJLil (_i_L->o .L&jL-Lûjj Iâ_ *.Jl_l!I (J_jja jjj! LaJI 

jî pipelining _i LjISIII ojuk cr «-<^j j ( j-miUI j t_JL>JI) cJâjJI ^ àj 4- à^^-**^ fU^W A «Al £_1L*_Jl! 

.overlapping 
:( Segment Registers) o}L*^, 

C^LLLj^s ^ 4_jj_L*J ^jL3e2LmJ j 4_jL». ^ "l (j_^o (CS, DS, ES, SS) <Ujj_*-iîl tlj^ljfc_<-u jj ^— 

(MBytesO 

f.lj_^>-ï i-uj dil cjj^jJta t"^' 'J-^ 5 ''^— ^ ' " a p J ■ " âlLi A'Al gJI * 1 1 t | a j j à 1 

♦(c^L looYi) ojL>^Ju=j il ^juûj V J=j <jvL^ « segments 
jj-io j i^aLjjJI J-jS o-o « jJI 4- O-^- (base address) ûJl-cUJI jî 5-jIjlJI ù'j-^ 

: (JT JLiîl 4- (_y£iieJûj (J - ^ 3 ^-àjlàj <uj_a:-iîl di^L^-uj ê— 4_l!L>JI L$_L=jLaï 

J±£. i^>b»o ^ jJI (CS (Code Segment J^-oJI 
♦^LLJI âJjl> (jl^ic (jJ^. l5>^»o i^jJ! (DS (Data Segment J^JI 
* îlajJ! jî 4_a^=JI âjI jlj jl y*. ^Jjz. ^>b»o ^ jJI (SS (Stack Segment J^-J! 

ù 1 i^>^; i^^ 1 (ES (Extra Segment J^JI 



udÙJlLÀiâJI 



FFFFF 16 
F0000 16 
E0000 16 
C0000 16 - 



B0000 16 

A0000 16 

90000 16 - 

80000 16 

70000 16 

60000 16 - 

50000 16 

40000 16 

30000 16 _ 

20000 16 

10000 16 

00000 16 



RAM SjSliJI 



Extra segment ^U^VI e >■ 



Stack segment 2L»jSÎU ja. 



Data segment clsbJl * 



Code segment SjLiJl ^ j^. 



p. ES=C000 L$y^ 



(V A) J^tAll 



-► SS=9000 tii 1 ^ 



^ DS=6000 <_s jpa- 



-► CS=3000 d*** lsJ^ 



WY 



udÙJlLÀiâJI 



i^LulÎI s j$\ j j Instruction Pointer(IP) Â^JUlJI j-i>a 
Offset ) J^Ull jl jJic Cr le IP J?-^JI l£>^ -2 jJI 4- S-Jlill Â ^Uitl j-j-ju 
^L^JI ê jJ_>i]l jl j êjLcLUI jî ôl juJI jl ^ie jru ojLJLi ^aL^JLI ^ ^pJI j iJbJI Â^JLcJu* (Address 

.(CS) *S>*3JI J^"4 

(jl j_L*J 4_jL>. > *\ j_c^>o t jj^l_L*JI (J-âLj j-« ^^>ij (j^i-îl jJl! ^ l« Atl j| j_l»JJ 4_jL». Y • _îl ( _ 3 _Lc j - a se I ? 
4_ (>-j_<5 L*=3 jLtxuJI <^LjL>. «Llvljl jlju J_t-aL>JI CS J^_mll âj! JlJI jl jJLc ^ IP JjUII 

:(V ^J^=uSJI 

| 0 000 1 



CS register 16 bits 



ÂjU 16 



IP (Instruction pointer) 
16 bits 

Physical address — » 
20 bits 



Ali 16 



i 



(1- "OJi 



^>l Jl-t" i 11L cj^=i\ j_îl ^_ jl ^— 1 a 4_jj_lc (^LjJI ( J" i -— ■ "^1 . jjjl_L*JI £-«L>. ûj— il-S Cj-aUâ 4_jJl$jlÎI ûJlA 

( _ y lc IP CjLajLlIÎI j-<ij-a (Jj»- > u j BOOOjg ^ Ir CS ^LjJ_5e2ÎI (Ja- > u (_g j-l>o JL-HI 1 Juk 4- .ÂjJ^ellJI iSjjJa 

C5 le J IP uJI J\ «Gai CS 5 S>*2]| u. 3 9.1 ji j le A3B5 16 

BA3B5 16 =A3B5 16 +B0000 16 



.4_JUaJI OJJk (1- \ " ) Atl jj. 



JjjLjJjS 64 



BFFFF 



16 



BA3B5 



16 



B0000 16 



Base address 



Offset address 

(Jajui (_g jl't n 

V 







A 


3 


B 


5 


Physical address 


1 









B 


0 


0 


0 


0 



f 

CS register 



(1= W J^Atl 

A034 16 =CS 
FF2 16 =IP. 



Al 332 16 =0FF2 16 +A0340 16 



(EU) Execution Unit juÂnJI « 
.General purposes 4_al_*J1 



(FlagsX^Vi .r 

(ALU) (jhïX I J (— )LuU>JI 2 JLS-J 

ë^LjjJI j XORj OR j AND j LaJI j £__<^><JI (J-ÏLa j tall I j 4_jjtaj_iJI '"'I jj -i <» j__j^j>o 2Jlj>-jJI t>J—& ^J-S3 

BL i AL 4 AH ç«_<-uL> cjLjL^ A âjsLc cj^L^-u A j^>ù A*AY £_ÎL*_Jl! ÂJL>J jJI ^ jdl J^lAÎI 2_ 

.DL« DH, CL, CIL 

cj>L*_coJI 4- j-à>£ V ^pJI (j^aSI <j^*^> j^ij j(Accumulator) 
.^Vl cilili aDH t CTL BH< AH i„;„ ;.uA~;t i ciULi* aDL.CL ( BL< AL {y* J^= Jiu: 
oj_ & (_ y » — m 3 .SI <DI 4 BP 4 SP p_<-uL 4_jLi- ^ l i < 4_jsL»JI <— i^L^_i. > J iàl—JsVL j-^jj 

U^IaJ ^ zhizA cjVUv 4- ^jLàeTi-^jj (Pointers) <l_l>.jI]1 j (Index) j^àJI cj}Lte_^uj 

:<_£JLÎi £=-^=3^ ( *\~ ^ ^ ) iSJI EU luAUJI '» i^j^^" c<j>û 2j-^al jJI 



4_C ^AJXlA 



AH 
BH 
CH 
DH 



AL 
BL 
CL 
DL 



Accumulator 
Base 
Count 
Data 



4_C ^ajXlA 



SP 
BP 
SI 

DI 

( i - n) J^n.MI 



Stack Pointer 
Base pointer 
Source Index 

Destination Index 



:(Flags) <OLtVl 

fi 

:(V U) J^n.MI 



Wû 



TF 


DF 


IF 


OF 


SF 


ZF 


AF 


PF 


CF 



Carry 
Parity 
Aux carry 

Zéro 
Sign 

Overflow 

Interrupt enable 

Direction 

Trap 



ZF j (J_4j>JI ç«JLc CFjJjla 4_jj1_lxlv dLtLa-g Juu 4_u.<.a 4_îLv jL^JàV < 2 JlvI j 4_jLi* ' 4-JL>JI çaJLc ^ajiitl 



PENTIUM cjUJL^ ^LLl.,^ 
Coprocessor jlcL^JLI ^JUII ^Lol L#ia jj=jù o^l jj^LàJI j cjliuji^&ijl ^jn^ti; ^aii ^UJl^ eûî 

<LCj_<-u (JÏLa O Lx-U-aJtl! I ( _pajuj 4_Ià jrtla 4jvjJlj ^jj^LLsJI j (JLiLjLijJI (Jjâl Jj J_cj L*J,I 4^>oj_iIû ^_ 

. Lfc^_LC Laj jVl Ju-àJtJ fiJJ-i J 4-C.L.uJI 
^jÏJljJlv ^JL*-« (_£Ï (jl ^— i oLj <GÎ ÂjjLcLuajJI 4_jJiàl ^jjl ÏJ_uJ (jyic ÙLiL>iJL»J,l ^jlj_ilù i tà àla. I 

CjjL=3 (_jJ-ÎI Cj^Lae-i-ui,! 4_u_u tôl aHa-VI j I Jufc jùàj ,4-ûjL.uJI <Jl)L>JL»JLl Juvï 4-lJufùj <jL=i ^-aljJ (J-<-iTuj 

.A-AA/A-A1 JÎLa ^ljjIJlJI j^aiô 
I ^jl^* (_£ j!b»o (_P-ÎI Ci^La- i n U (j^3 A * AA/ A * Al _j 4_i^L>JI j 4_ûjL-uJI <J1)L>JL»JLI di^LstjjL^ C(-?e-u^aî 

.0_> YY L^jLjL». JJlC ^-Lt^ajJ ùll^LstjjJLl JijJl-cJ ç«Û ,A'VA"l ^JL»JLl £yi ç.\j^u\ .^jj_Ll!I ÂJjLc 

o>L^-m^ij Â-L^oilL tiiîjL=3j yy <GLjL>. jiJlc ^-l^ î (^JJI EAX^I oj n <GLjL». j>jlc <jL=3 jJI AX 

.Lij-uLj DX , CX , BX Jl* j^VI 



udÙJlLÀiâJI 



£_<s ôjjLir" ) ut,! tillû ^lvj A'AA/A'Al £ya ÂjI Jl) ôijir" i »t,l di^L^uil ^1 _jjî ( l - W) J^— iSJI 

.GSjFS 

32 bits 



EAX 
EBX 
ECX 
EDX 
ESP 
EBP 
EDI 
ESI 



8 bits 





AH 


AL 




BH 


BL 




CH 


CL 




DH 


DL 




SP 




BP 




Dl 




SI 



Accumulator 
Base index 
Count 
Data 

Stack pointer 
Base pointer 
Destination index 
Source index 



16 bits 



EIP 
EFIags 





IP 







Instruction pointer 
Flags 



rC(q!(ac!£f Pfc 

80386 &htàzÙ&Ùq 



es 



DS 



ES 



SS 



FS 



GS 



Code segment 
Data segment 
Extra segment 
Stack segment 



i-dJjj ûj-==I jî jl ^— i a ^ • LAoVl Âj^Iaj ajjSj (jî ^j^" • A'AA/A'Al ^JLslU <jî LiLL-u Lbîj JlSJ 

.( A19 Ao (j-a ) ùj Y • <Ll3j_c jj^Llc (JâLj 4 La i "I 
(JS-I JlaU çj^a Lgaieja ^j^J ROM j RAM ûjj=I JlLÎ ^j^> Ltaie/a jj^l_L»JI oJui '„' 3J i <4r- 



WV 



t^uaVl IBM jL^ 



(_p3JtJ J^-JJ ÂjM^J' JjlaLLtl 0Jui (j-g-iJa j Là-lll 3 S La ' aj jjJljjIÎI (__)l3j_ftj 4_t^aL>JI 4_SlajJLI j ,^jL3eIL-aXI 4_2.La.La 
( _ 3 jJI j <Ui lulIi-JI ûj__=jI jJL> RAM[ isj___=l_> (j^a ( _ y là-<-uJI Â-Sia-Lll ( _ ? -a-<-uJ .i>.SJ_s__« (__)-_> Ij_C.V ûjj_s_rta j_U 
(j-t-a jLSelLmJll (JjLlLo ;JJ^"~ '"' La LJLc. J ( J-^J-^ ) « I j-î ! J à i uî (j_a ÎJljJJ ( -^-yL) jJu____i "Il * I ji^^ 

t^J! ^La^L.11 4. Jîuïîj BFFFF j A0000 

L^La FFFFF JlCOOOO <>a Î_lû ^1 j i^UI ojL ^ii^ Yol jî 2 j^=( jJI ^ e^L L*Jll 

J_=x_i_J1 (j-a i La 3> j ,A* AA/A* Al £jj O A j"jJ.'->^ jl-â-^-î âj^al jJI i La La se. « ( *l~ \ 1) J^— iSJI 
^ JujeTn-u-tl âj-sl-S Cr^ 1 l£ J-"-* 1 ^ ^ J-* 3 VAUT \ t^*^ La BFFFFjg j n (j-u ^ib-y RAJV1 (jjjL-C. <JL?ta jj| 

^ji^ L^ps FFFFFie j COOOOie L^JL^a ^l^b ^lJIj ROM 2 j^=tj Uî ,( ) s j^=lij 

.^ïs^a Y1YUT ^lc 



WA 



udÙJlLÀiâJI 



RAM 

00000 16 
00001 1, 5 
00002 16 



ROM 

C0000 16 
C0001 16 
C0002 16 



9FFFF 16 
A0000 16 



BFFFE 1 
BFFFF 



16 



FFFFE 
FFFFFh 



16 



(1= U) J^.t.tl 



~Yq ports ^>iJ! /J^jJI ÛLaLLa 

. portS ^jj»JI /Jâ-jJI jLâLlaj^c j^T j\-&>- 



âj-^jvVl (j^aJLJ j ^^iJI / (Ji-jJJ tfjiàl_La £_a jL^>J (j^^Jùuus i La La se a ( *\ - \ û) i îùJI 

i La (JliljLijJI ^Ijji-V 4 ca^ait/a (jjajuJI j i La (JIjL^LljJI (JL>oV 2 ,^»<^.-^-^ JÙsLlil (j-à-*-^ ;JJ^~ '"' 3 fljeJ 1 1 

La ^jj-Lc (jyig- âj-stjâ f k 3&'-^3 A ,x A"l J"M -^-tl » a (jiiljLtjJI lj (J^- o* *»' ù* j' s (_>^-*-^lj 

. juà_La 1 i • • • <_jjLSj 

/ Jio jLaLU^=3 jî Dedicated^ Ports 4_^,jj=ua jSiLu~=, / Ji^jJI j^Lia jj)^" <jî ^tVi,,," 

. Memory mapped Ports âj-^ljJI 4 Â-Lalait/a 

(jj^Lui (j a Ji-p-jj (jrj-^a <j| (jy lc ^jILso juila (j-c ûjLlc ^Jt Dedicated^QPortS L yjj^aX\ juàiil 

(JL?ta 'JL? ^ ' ^1 4_<jij.^i^5j 4_t*aL>. ^js>./ (JiO j-al jl ^ jLielu-uJ JuàlLI £-a (JLuajVI 4_jjLa-C allîj 

.RAM Sj^jI jJI (jJ^Llc JUta (j^. LaLcJ J-t^àLa 4_!L>JI ojui iâ_ Û^LlU <jJ^Lic 



^> i IOWC j IORC Âjh^ntlj 2*1 j^JI j-aljî^ljLid^Li Â-^j^dl j^LUL JL^ûVIj I Im^<ij 



udÙJlLÀiâJI 



Bus 

controller 



m 



J\!<âdÉ 



+hs|adâ icjgpaB icjëpadâ 

laWfïST WLjiz «#LJJ2 



Address 
décoder 



Data 

bus 

XCVR 



CPU 



\ * / 

° iP 1° IO 



ce 



RAM 



KŒE^yptfj 



o 



ROM 



o 



UÏPIJt&z 



o 
o 



ITCf 



.^■jJkJI / J^JlÎI j^Lia 4j$_L*J (Ai6 Jl Ao ) J jVl C^J H _!l ^Jujel^xù 

da-ufù Sj ^JLtii ^^Sjj Address Bus ^jLulÎI JlLi JLi jlôjlXI jl ^ic ^JUit ^-^j ^>JI JM^ 



^ jJI Address décoder o^Li*]! La (IOWC = 0) âjI-.^ÎL îjLij 

juïia ^ ^j>iJI (jyie c^ljLAÎ Â-ûL^ual 0 La «j ^jJI Octal Latches dJLuUI i" « jLil jJ$j «jjJu 

(1- ^1) J^lAÎL £-J=3^J I juij ^J^>JI 



'15 



IOWC 





Address 
décoder 




► 


► 




(v n)ji 



(JT £L JClII (-.iJaTl! tilîij aI Jt* («VI j-^p- Juiill ùj V LaJiic 4_îjj_*-aj ÂlLaJua Juàill ^^ita 

. Data bus ^LiL^I JâLi <^l£. eP-îl oUaLdiJI 

<JàO Juàll i La 4 i tu (jjjt-i" ( "\ - ^ Y) {J^~> i"ill ^_tis 



'75 





















^^^^ 



♦ — ► 



Address 
décoder 




(1- W)J. 



Latch 
enable 



\\\<â\yz<& 



Tri state 

enable h // Iq 



UY 



L-xlt^aJI (_)^>j_SJI (JÏLa Jj^e-La jl-£>- <j-a <— '^L^' Ù^L/^ <?L>iJ (jy-iLu Juà_La Jj^-— ■ i ' 

. Memorymapped Ports 
iJuJLtfl 

IjJI 4-£ r â , j- <5 Ujj^j ^JLaJl! j^jj ^jio^itl 



MWTC j MRDC p^^-tl dl jLib 2 j^=l jJI 4. sUU^tl j^LUI J\ J^^JI ^JUdl j^L: 



(jai^J âj^al jJI 4 SUL^tl V«t;tl ^ J^LjÛj gJLUI jî^»j La IOWCj IORC VjLJ 
^1 jjsJ j JUoV OUT j IN £x«jfc2ll Â-iJ j_al jî *l JLàeTLml (j-a Vju .2 j^al jJI j^jLaî jî jjàl j^a 

sUU^-tl jLâLUI j^lc ^1 jj^I jî JLk.il iJU-*-î MOV j-aVl ^jLàeTL^uj ,5_<ji j^tl jLâLUI j^lc cjL*L_l!I 

frl.il ^gJc JJjJ La<û Ùj£lil! ^ À^LuLû (jll^liJlJ Ljjl Ôj£lôil ^ 4 A\ iàLLJl al lÂlLml L_l JJC (JA 

: Assembly Language Programming^jA^iJI IkL ^JUi! 

(jr JLc I J_& 4- 3 *~V ' ^J-^" -L-^-La JljJI (jt Tlv 4_u.<-a a I g^j aI j-âlî dil j i nL>JI j-jjjjv 4^je^5jj (_ t _->o 

^JLslII j àJb ' à j là ' ' 1 . 4_u.<-a 4_c^*J aLlSJI L^àj_& 4 <— iL<t-LLdJI (j_a 4_ûj_a 4_njLjâ (j— a ^_alj_iJI ^jj ^— ■**<" 

jUjjv jî (_l » ' " J-Lli-u jUj^- (jjJ-C- ^-ÏLa ûjlj_=»JI 4j>-j^ jUjlàl .Y çc^âj ^j^>JI Juàj-a ^_<^>JI ^Ijj^I .V 



UT 



<_>jLSj La <U A -Al £-11*11 yùua .Uujua ^L^-U L^-al jtiei^l ^-ol jJl! <u (Instruction Set) CjU-JL»3 

4_jJL«jlÎI ùj à ûiLi (jr a_txij (Jj^l : (j-ig— mfl (j-^a L-àJl_Iuj 4_j>JLsl1,I 4_jJLc£. 4 j > nL-uVl ûJljvjJI <■ 4__a_ilsLiîl 

jt-»ttl (-L-caj (_yJI Operands cj}LamL> cr «-^j ^LiJIj .4_4_Jl*i]I 4_> ^^Jù La lJi_x^j jlJI Opcode 

.diLjLijJI <L>JL*JL ^La- l L c J! L^>-Ll>ij j_»*al_L*JI j 
.4_<ijjLiLi!l j^jL-uJI (JLiiJLI >\ ^j-*-^ j^l-î 

p^— 'j 1 1 tilîjLJ (j^a t^aieJJ j A ; 1 1 (j-a CjLjLJI JlLu £-11*11 jLi*V IN 4Lc_jL*i!l ^ J^m-Ù J jVl ÂjU-Ltl 

*j à âA\ (jLj=ua jj =aj .E4j6=^ U • • W Y :(diL_iL>. a) Opcode 4_JuaJI 3jJ_<iJL IN 4_«^.JlCl!I JJUj .AL 

0 lr 4_JUaJI lj h tSi (jr Jb jJI ûj^jI jJI <jL=ua .^-aj-iil <G1 j_Lc J>Jtr»o j RAM ûj^jI jJI 'â- 4_JUaJ1 

p 1 1 4_j^itil 4_h t lSJI jj ^— ." t 4_<t_LLdJ I ^J_& Jl-lûJj 4jL}j .^^>JI Juà_La ç^âj (JLtl ^_ j d) Ltlajt-t I 

.Y pjâj (Ji-jJI Juà_L*j ïji^jvj-a OjL=j (_jJ-!I 4_hjIi]I (_£jLuj AL 

< AL ^= jJLl i^ji^ta Jl o J^Ltll 4_àLoL LsJLI jLi-V ADD 4_<i_Jl*2!1 ^j^ul.^ Â^Liîl âjU-lî! 

Jlj>o . • l n = ^**y : 4_Jl«ul!I 3j-à.iTaj ADD 4_n_jLiLiîl (JÏLcj . S_ijLj âj-a AL 1 1 ^jLÎI ç-ùs j j 

.oJ^aLtil (jyic ADD 4_<iJl»i!I (J7 L ^ jJI ïj^l jJI jl j_Lc 
L3 JLc ^jJL^ i^jJI) AL U ^jJi^ta J-2ij ^JL«II jLijwV OUL iLaJLtiîl ^j^i,..^ 4_i!Li!l 2j U-^ti Iâ_ 

4_a_i2JI .E6j6=^ M • • M • 4_ l Uj>J1 à ifùj OLFL ^Lx- l L C l! 1 (J-ÏLcJ .V p-2j ^^>JI j_iàla J l(j_a^>JI (J-t-aLv 

.X jbàlll ç«^J «LJbj û J^UII ^jJI ûj^jI jJI <jL=^a 4_ <jjjta 
^LtAîl « j^jI jJI (jlj_L»J 4 jtju^a A0000 o'j-" 1 ■l-â'tj .RAM û j^ljJI ^jJlita ^-^jj ^LlJI ^Jl 





RAM 


. 1 • A 1 1 Âj ^— , \'\\\ j 1 j ; <- 


IN «LlLqjlÎ 1 âj à 


\\\"\" 


A AAAA 




)' 


A0001 


ADD 4_JujlÎI ij à ài 


\" 


A0002 




\-\ 


A0003 


OUT LJujlÎI ùj à mi 


\\\"\\- 


A0004 




n 


A0005 



.AL ç^jil 4- <Lb>^ j y juïill ^ c^L JUoI AL,02H 
.AL ^ ji\ Ji o ^1 ADD AL,05H 

.t juiiil J^U ^1 j^l 0UT 03H,AL 





4j^M 4JLÎ âj ^ 


IN4_JUjlJI *j ^ ■"' 


(E4 16 )n ww 


juiill çalj 





ADDiAcjtJI ùj à ài 






(•Ou) ^ 


OUT4_lU.*JI 2j_i<i 


(E6 16 )m--n- 


juàlll çtvjâj 


(*T n ) n 



Uû 



tlL!ji_=3j À*À1 ^JL*J,I 4_j£ ^JiielL-uJ (_)^aL». çoJîLa j| IBM ç-a Jj^l jILo <. i i nLv ^1 Jiir" i ni C—t^tJ ^_aLjp_iJI JajàZiJ 

.cil ^b^=xJ TASM jî MASM Jîl» Assembler j-^JU ^ ^ 

(_j^iicJCj ^-aLjp-JI j j à ' " ' I j La à». 

■ IN 2«ljU"ltl L-xl^- .ï 

.IN ÂJU*]I ê^ii L£ià .Y 

.2j^sl jJI (j-a juàlil çdj 2*ljJâ .V 

Jt JS»JlJL) âjij-jvjll 4_uLTl!I J-âj J (I/O) ^J-^l J J^-JlJI j SI j s * I ' sel ■ u\ ; j àlt,L JI i ^"Vl .1 

.AL (C^jil 

ADD a^Uill c_Jl>. .û 

.ADD ^UaJI 2 jJlA L£ià .1 

.AL Iâ_ ^jLlÎI (jjij-soj AL ^jlbta «HàL^I j ûj^jI jJI <j-<s J^oUll 2*1 j^a .V 

.QUT^mLlUI cJ3> .A 

.OUT ^UaJI 2 ^ls, dlà A 

.2j^j1 jJI £ys juàlil çdj 2*1 jJâ. > * 

AL p~=i jXL êj^jl! 4_x5LôJ1 4_c_l2JI J2j j (I/O) ^>>JI j J^jJI j-^lj-i ^1 JjeTLmL lulilL JLuajVI ^ 

^Ul iil 

^Instruction Set ciU-xLcUl £j y>\ 

fi 

:CiL»jJLl11I ' I Juv j i àe a i ■*" > ' -ij-"-"-> i_âj-<-u 1 ^ <— i Lc-lLCl! I £-J jjÏ £_l<jjv 4_jlaju V 





IN 




OUT 




MOV 


2 aj^— i tl ^3 , U> 


PUSH 


2 a j ^—i 1 1 £j a t 


POP 




XCHG 



t^LlJL^ jj^" WaUI ^JljJ ^UJI J*=-i,MI :MOV '^Ajû1\ : Jllo 
MOV Destination, Source 
(jL^o .Destination <_^> jljJ I ji^* J! Source jJl^II ^ cjliLJI 4- U-"^é^ j p^iii 

j Immédiate Addressing Mode âjj^aJI 4j^i*J1 âJUo âJUJI 

.CL J^aJI HiA o^LJI J2: ^uû j MOV CL, 48H :<^L^= îa-J-Cill v ^=â 
Register Addressing cjM^JI 4j^i*J1 4Jbt_)£^itl I 

J\ CL J^aJI ^ j MOV BL, CL :^L^d ^UJbaJI ^^=3 j Mode 

.BL J^aJI 

Direct Addressing i j-^Lil ^i>L*J1 <JUo ^iJI I jla cr «-^j j ï jJI 4- j 1 ^* • 
2 j^=l jJI ^ji** J2: ^ j [MOV BL, [437AH -<JÏ^ ^lLcJI l% r,^~ 3 Mode 
jL^j lil .DS ^^L^ii J*-^ -s_^>11 sjlhUJI jl^c + AHtrv L^l^ui ^pJI 

.AHyivv ùl^l ùp> DS=20000H 

: luL u > .> oLg-Juû .Y 

îâL*! ADD 
INC 
DEC 
CMP 



(— )j ' ia II 
^ a i - aJI 



SUB 
MUL 
DIV 



t^LiJL^ jj^" ^JbOJI ^jljJ ^ UJI Ji=^UI : ADD WaUI : Jllo 
ADD destination, source 
j Hva ^L^l L:j>jÎ ! il .ADD BL, 06H : Jllo .^jyll j jj^l 

H-A 

MOV AL, 08H 
ADD 78H, AL 

ADD 78H, 08H ^aJU 



uv 



NOT 
AND 
OR 
XOR 
SAR 

S AL 



Debugging r i UvVi 

Â j La >• ù j La >- ^_aLj^_iJI Jujàjj çclu ( ^J*"— 1 ' ta ' i_3jj-u . DOS (_)^sjJi]l ^Ltàj 

■ -"^i .DOS j-al jVl j ta ■ ilhls 4- Debug ça_<J 4_Jk. 3 1 taj ijr l£. DOS J.L<_.i:JI ^Ltàj ^ji^o 



^olijJI îljj 4- Lui ct^- <_>^Lj ( - ) L&jtAj j^Iàj Enter jjJI Cy k. JaJuJ=1 ç<u Debug 

.Debug 

4_<ijH jî {j}*' ■ iù . ^-a'ju jî <— iLjLjj JL>ol jî ûJuiLii jVl <j-a juJlaJI Debug ^-alù^-JI iSy^ï 

.Enter S icLiaj Debug L&Jlc 

ÂiltàJ» I diLiLx-iJI Âr \ , taj tiiJij cIiLLljJI (j^aJLJ (JLiol I 2jI ab £j^>u ^.-alùju j j à " j 4uLl=j Iâ_ *.J_l!I (J_t£ 

4 '.'j"^" J vl j'j :,tl 4 *'':.■ n 0 "r 4 a50_ Îjl_u t_jî Debug j-aLi 

Jl_lû_u Jt_Lc ' â-lHie^a (jj_!=xj ^jï ^jiaj i (_£ j *.j_j>JI (j! j_Lc ( jr -Ll D8 Y • L_ui (_J Ji_j O— <-uJI aI tà-lll 

.Debug 

: (JT L La 4uLl!=u çaJâ 

<D8 : 0050 dw 30 <enterY- 
<D8 : 0052 dw 15 <enterY- 
<D8 : 0054 dw aO <enterY- 
<D8 : 0056 dw 0c <enterY- 
<D8 : 0058 dw 00 <enterY- 

[jJt (J-qjlL-uj Luî ^a-C-j CuluY SJlc (JIiLjLu <Lta.2j J^"** 1 j (jl ^-aj>JLl -aJL«3 -^-j a ^ Le ( J, i » 

. ( -\C- ,a0 , >o ,T- ) j^IjojL L^J^ia^LiLu 

UA 




<a 100 <enter- 

<D8 : 0100 Mov ax, 0 <enterY- 

<D8 : 0103 Mov Bx, 50 <enterY- 

<D8:0106 Cmp Word ptr[bx],0 <enterY- 

<D8 : 0109 JZ 112 <enterY- 

<D8 : 010B add ax, [bx] <enterY- 

<D8 : 010D add bx, 2 <enterY- 

<D8 : 0110 Jmp 106 <enterY- 

<D8 : 0112 Mov [bx],ax <enterY- 

<D8 : 0114 nop <enterY- 

<D8:0115 <enterY- 



j g Laj L&Jlaj Debllg iljJ 4_ U 100 1 14 i .ôe-jjte-u» <jL^aj ^-oL^-Jl! Li!Uo| <j^i 3^ •*•"'*< C7 j = 3L ' 

iAjLâ I itjju j^làjj r j^l ' "^-1 (âj_o^xJI L^j^VL)5_<iLA!l JLc L^La-lL jiJI ^-oLjj-JI j La ■ u ] jî j-aljVl 

. L$3 Lolita j <— i^La^i.u.tl 

.^-<sljp_iJI ÂjI Jlj ^jl j-tc (jjJ-Î' j W 4_h_l2JI (jyic ^jIL>o IP jVl j-ilùj-o (j| i là ) 

t j^Vl ^>Li^ JJ^ .MOV AX,0000 ^Jlj ^L^l 4. 
lL2i\ Z^Ajù1\ j^Iajj cj>L?e_cJLI cjLji^ta j^ï I Ltlajuj MOV AX,0000 j^s'^l iLmTu Debug ^^2j 
.BX J^JJ ^ ^ jà 0. jjujl jî LU j^te tj^% Uj^U Ujj^ ^Ij BX,0050 MOV 



US 



-u 100 114 
20D8: 0100 B80000 
20D8: 0103 BB5000 
20D8: 0106 833F00 
20D8: 0109 7407 
20D8: 010B 0307 
20D8: 010D 83C302 
20D8: 0110 EBF4 
20D8: 0112 8907 
20D8: 0114 90 
-r 

AX=0000 BX=0000 
DI=0000 

DS=20D8 ES=20D8 
NC 

20D8: 0100 B8000 
-t 



MOV 


AX,0000 


MOV 


BX,0050 


CMP 


WORD PTR [BX],+00 


JZ 


0112 


ADD 


AX, [BX] 


ADD 


BX,+02 


JMP 


0106 


MOV 


[BX], AX 


NOP 





CX=0000 DX=0000 



SP=FFEE 



BP=0000 



SI=0000 



SS=20D8 CS=20D8 IP=0100 



NV UP El PL ZR NA PE 



MOV 



AX,0000 



AX=0000 BX=0000 CX=0000 DX=0000 SP=FFEE BP=0000 SI=0000 
DI=0000 DS=20D8 ES=20D8 SS=20D8 CS=20D8 IP=0103 NV UP El 
PL ZR NA PE NC 

20D8: 0103 BB5000 MOV BX,0050 

-t 



AX=0000 BX=0050 CX=0000 DX=0000 SP=FFEE BP=0000 SI=0000 
DI=0000 

DS=20D8 ES=20D8 SS=20D8 CS=20D8 IP=0106 NV UP El PL ZR NA PE 
NC 

20D8: 0106 833F00 CMP WORD PTR [BX],+00 

DS:0050=0030 



DS=20D8 ES=20D8 SS=20D8 CS=20D8 IP=0110 NV UP El PL NZ NA PO 
NC 

20D8: 0110 EBF4 JMP 0106 

-t 

AX=00F1 BX=0058 CX=0000 DX=0000 SP=FFEE BP=0000 SI=0000 
DI=0000 

DS=20D8 ES=20D8 SS=20D8 CS=20D8 IP=0106 NV UP El PL NZ NA 
PO NC 

20D8: 0106 833F00 CMP WORD PTR [BX],+00 

DS:0058=0000 

-t 

AX=00F1 BX=0058 CX=0000 DX=0000 SP=FFEE BP=0000 SI=0000 
DI=0000 

DS=20D8 ES=20D8 SS=20D8 CS=20D8 IP=0109 NV UP El PL ZR NA 
PE NC 

20D8: 0109 7407 JZ 0112 

-t 

AX=00F1 BX=0058 CX=0000 DX=0000 SP=FFEE BP=0000 SI=0000 
DI=0000 

DS=20D8 ES=20D8 SS=20D8 CS=20D8 IP=0112 NV UP El PL ZR NA 
PE NC 

20D8: 0112 8907 MOV [BX],AX 

DS:0058=0000 

-t 

AX=00F1 BX=0058 CX=0000 DX=0000 SP=FFEE BP=0000 SI=0000 
DI=0000 

DS=20D8 ES=20D8 SS=20D8 CS=20D8 IP=0114 NV UP El PL ZR NA PE 
NC 

20D8: 0114 90 NOP 
-d0050 005f 

20D8: 0050 30 00 15 00 A0 00 0C 00-F1 00 00 00 20 20 20 




\\\ 



Loop. 4_llv l_Llq.Cn.ul I lylj ^LâjVl <j_a _.Jl*J j-*^ 4_Jl«__ (3jL__Ji ^bj-JI â- Lbîj 
. Cmp Word ptr[Bx],0 j-aVl 4_ 4____*_a ç<ùu jJI j <J_w jJLI ^bb_J1 4- jj^*- 11 

•j-aî j-s-ï L>-à-o-i ^_abj_iJI ' a a j_j bfc Juuj * M Y _j| jJjlÎI J I ^^bj_iJI j à-b J_>j__ùJI S 3-jj LaJiic 

^bb_Jb â^ljJ! Debug ^Li^Lil^jjud 0050 005F I l___b l_1 j-p*Vl 2_ 

.(1- U)J______Î! 

, U ^ \t ,F' • û • • û • £yj 2j-_=! jJI c_jbjl_ta j La • - j_WÏ _L j-g-LaJ Jjjj La i j_WÏ ( 1~ \ *\) J_=___!l _L 

: jjt ^jJlj -m jU,„tl 4- j-aVl jV 9liU ,♦ -oA jU,„tl 2_ jâl-JI La ULiiioî ^1 ^Lb_JI J__= 
bx J^_JLb <uJI j-ijll <jl>--tl <J! [ -^-"-^ j-*»* ] ax ^jirta J2_u jî j-A^Jli j-aL Mov [bx],ax 

.[ 4jujVl J>1 JucVl J__ajv ] Fl • • j^M îj • • Jjjâ (j-a <jL_= _£ jJI j ♦ • ûA ( __jju <j1 j_WÏ _$jJI J 



S (_f.t.uL>JI â— ^JJ>-~\ J I û JUV J (j_a cllLL-J-JI J SU ' ^J^' . V 

^i>j_<IùLu5 RAM ûj^al jJI £yj <JJlJ 4_jLi-l jJI ^JLlÎ.1 <Jlj}ljfc-<-u ^\ JiielL-ul J_Lc dllj_j^_4 La . 1 

VY jî ÂjL>. n £-1Llxi La £-ÎLlxs <jî -SJ^»o ^jJ! * Cr A!l La .0 

SL^jt-a (J-aLtlu (jî ^JLslaIÎ • « ' (jjJ-Î' ûj-^jI jJI p-a=^>- Laj A 'Al ^JLslII (_£jIL><j (jl j-tc cLai- p *■— ■ ."I 

.^JLtll 4- J_W^' Ji- 5 La SA'AI £-îL*lL> J^jLiaJI ii^j ^ La .V 

SOperands j Opcode <>a C5 juu 1 La .A 

•.LJtill cVL>JI 4. 4_lL^JI 3 j^=l jJI La A 

CS: IP=4370:561E 
CS: IP=7A32:0028 

La j CS J^oJI ^>bta t Hv ♦ t • • Code Segment ê jJAll jl ^i^. jU= I il. \ ♦ 

SCHûVA (^jUuJ IP J^-mJI 4_a_»j2 <j^=LJ LaJiic SjÀial] êj^jl jl! (jyitiil (jl J-L»JI JJk 

:ÂJLUI (_^=l t MOV j ADD Cil , jUltl f,l Jl^L. > ^ 

C=A+B - î 
B=3*B+7 - <_i 





Ytha, Yu, Charles Marut: Assembly Language Programming and . £ 
Organization of the IBM PC, Me Graw Hill, 1992, isbn 0-07-072692- 

2. 

Douglas V. Hall: Microprocessors Interfacing, Programming and .o 
hardware, 2 nd Edition, Me Graw Hill, 1992, isbn 0-07025744-2. 
Thomas L. Floyd: Digital Fundamentals, 6 th Edition, Prentice-Hall .1 
International Editions, 1994, isbn 0-13-573478-9. 
Roger L. Tokheim : Digital Electronics, 5 th Edition, .v 

Me Graw Hill, 1999. 
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^.uiljJI cjljLiVI 

Çr^ jW^ 1 



AND ôIjj 

OR ôl^j 

NOT ôIjj 

.NAND ôljj 

NOR ôljj 

XOR ôljj 

...XNOR ôljj 

çPli jW^ 1 

4_Lt-LgATL!l j^ljjJI ûJcvjJI 

...£jL^I 5,3b 

êj à Il (JJbta 



(JliLjLijJI ^ji-o 



S-R 

ô^tj^ll D ^MâJI 

..^IjHI J-K ^Màll 

T L^y^2i\ 



.ciblai 

S-Lolj^JJ cjI^I jdlÎI 



ROM ^2°. U\ l j^=) i 

âj-^al jJI JljJlaj 

^1 j jLpà^l 



(_i-i-uL>JI j ^JL»JLI 

8086 Ji! ^JUll 

Pentium âJjLc c^UJU-a ^1_u^>^ 

ïj^ljJI 

£jj-*]t / J^jJ' .laL-La 

Debugging r i UvVi j.*^ 
.... cP'- 5 jW-^' 

£*WI 
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